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REMARKS 

Claims 1 to 11 and 29 to 32 are cancelled without prejudice. Claix&s 12 to 28 
and 33 to 34 die pending in the application. Claims 12, 13» 20, 21 and 24 to 26 are 
amended. Claims 13, 20 and 24 to 26 axe amended to correct granmiatical errors. 
Claims 12, 20 and 21 are further amended as indicated below. Claims 33 and 34 are 
new and incorporate subject matter from claims 10 and 11. 

Claims 12 to 28 are objected to for containing non-elected subject matter 
which must be removed from the claims. Additionally, claim 12 should be written to 
incorporate the subject matter of the non-elected claim from which it depends. In 
response, claim 12 has been amended to independent form and to remove non-elected 
subject matter. It is believed that these amendments render the objections moot and 
withdrawal is respectftdly requested. 

Claims 12 to 28 are rejected under 35 U.S.C. 1 12, second paragraph, as bemg 
indefinite for failing to particularly point out and distinctly claim the subject matter 
which Applicant regards as the invention- The Examiner states that claim 12 should 
define a nucleic acid sequence by a single nucleic acid sequence as defmed in a single 
SEQ ID NO., or by the specific amino acid sequence it encodes, e.g. SEQ ID NO: 14. 
Claim 12 should also recite that the nucleic acid sequence is isolated and/or purified. 
As requested by the Examiner, claim 12 has been amended to recite the elected SEQ 
ID NO: 14 and to recite that the nucleic acid sequence is isolated tod/or purified. 
Withdrawal of the rejection is respectfully requested. 

The Examiner states tiiat claim 16 should recite the appropriate deposit 
identification numbers for the host oeUs, otherwise it is vague and indefinite what is 
encompassed by the names recited therein. The Examiner states that the mere 
recitation of a name, i.e., JMlOl, to describe the invention is not sufficient to satisfy 
the statute's requirement of adequately describing and setting forth the inventive 
concept. AppHcant respectfiilly disagrees. The host cells recited in claim 16 are well^ 
known in the art and are commercially available. In support, a reference for each cell 
line is enclosed herewith as follows: 
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Stratagene catalogue for 1SIM522; Sigma technical bulletin for BL21; Invitrogen 
catalogue pages for DH5a; Stratagene catalogue pages for JMlOl; for JM105, de 
Taxis du Poet, Applied and Environmental Microbiology (1987) 53:1548-1555; and 
, for N99CI+, Hinton et aL, The Journal of Biological Chemistry (1985) 260:12851- 
12857. Applicant respectfully submits that the cells recited in claim 16 are therefore 
clearly and distinctly defined by name and that the claim is in compliance with 35 
U.S.C 112, second paragraph. 

The Examiner states that claim 20 is vague and indefimte due to the tem 
"inducer". Claim 20 has been amended for clarity. Applicant notes that the term 
"suitable conditions" has been removed from the claim. In addition. Applicant 
respectfully submits that inducers are well-Ioiown in the art and the specification 
describes several alternatives, for example, on page 10, lines 23 to 24. Applicant 
respectfully submits ttierefore tibiat the claim is in compliance with 35 U.S.C. 112, 
second paragr^h. 

The Exammer states that claim 21 is vague and indefinite for the condition 
^'temperature", and asks what is encompassed by this term. Claim 21 has been 
amended to indicate that the temperature is "suitable for inducing expression of the 
vector". Applicant respectfully submits that the claim is therefore in compliance with 
35 U.S.C. 1 12, second paragraph. 

The amendments to the claims and/or arguments as presented above are 
believed to overcome all of the Exaimner*s rejections under 35 U.S.C, 112, second 
paragraph. 

Claims 12 to 28 are rejected under 35 U.S.C. 1 12, first paragraph, because the 
specification, while being enabling for "an isolated nucleic acid sequence which 
encodes an amino acid sequence as set forth in SEQ ID NO: 14 and expression 
vectors, host cells and methods of recombinant, production comprising/using this 
sequence, does not reasonably provide enablement for a nucleic acid sequence 
encoding the fusion protein of claim 6...", The Examiner also states that, while the 
specification states that substitutions, additions, or deletions may be made to the 
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defined sequences, the specification provides no guidance as to what nucleic acid may 
be changed without causing a detrimental effect to the protein to be produced. 

Independent claim 12 has been amended to specify that the fusion canier 
protein encoded by the nucleic acid sequence consists of SEQ ID NO: 14. ft is 
beheved therefore that the rejections are rendered moot Applicant respectfully 
submits that the claims comply with the first paragraph of 35 U.S.C. 112, and 
withdrawal of the rejection is respectfiiUy requested. 

Claims 12 to 28 are rejected under 35 U.S.C 112, first paragraph, as 
containing subject matter which was not described in the specification in such a lay 
as to reasonably convey to one skilled in the relevant art that the inventors, at the time 
the application was filed, had possession of the claimed invention. The written 
description in this case only sets forth an isolated nucleic acid sequence encoding an 
amino acid sequence as set forth in SEQ ID NO: 14 and therefore the written 
description is not commensurate in scope wifli the claims. 

Independent claim 12 haa been amended to specify that the fusion earner 
protein encoded by the nucleic acid- sequence consists of SEQ ID NO: 14. It is 
believed that the rejection is therefore rendered moot and wiihdra.wal is respectfully 
requested. 

Claim 16 is rejected under 35 U.S.C. 1 12, first paragraph as failing to comply 
with the enablement requirement. The Examiner states that the specification lacks 
complete deposit information for the deposit of host cells DH5a, BL21, JMlOl or 
JM105 or NM522 or N99CI+. The Examiner states that it is not cle'ar that the 
properties of these host cells are known and publicly available or can be reproducibly 
isolated from nature without undue experimentation. As discussed above, the host 
cells recited in claim 16 are welHaiown in the art and are pubhcly and commercially 
available, as evidenced by the attached references which are detailed above. 
AppHcant respectfully submits therefi»re that a biological deposit is not required and 
withdrawal of the rejection is earnestly solicited. 
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Claimfi 12 to 17 and 19 to 22 are rejected under 35 U.S.C 102(b) as being 
anticipated by Kovacevic et al. (US 4,977,089). Kovacevic et al. describe the foU 
length S.aureus nuclease protein. The claims have been amended to recite the fUsion 
canier protein consisting of an amino sequence as ..^t forth iti SKQ ip NO: 14. 
Applicant notes that the full length S.aureus sequence is not encompassed v^thin the 
scope of the amended claims. Kovacevic et al. do not teach SEQ ID NO: 14, as 
claimed herein. Applicant respectfully submits that the claims are not anticipated by 
Kovacevic et al. and withdrawal of the rejection is earnestly solicited. 

Claims 12 to 28 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Munay et al, (US 6.365,347), Murray et al. also describe the full length S.aureus 
nuclease protein. The claims have been amended to recite the fusion carrier protein 
consisting of an amino acid sequence as set forth in SEQ ID NO: 1 4. Tlie claim does 
not use the open language, thus the use of the fiill length S.aureus sequence is not 
encompassed within the scope of the amended claims. Therefore, the claims are not 
anticipated by Murray et al. and withdrawal of the rejection is earnestly solicited. 

Claims 23 to 28 rejected under 35 US.C. 103(a) as being unpatentable over 
Kovacevic et al. (US 4,977.089), The claims have been amended to recite the fusion 
carrier protein consisting of an amino acid sequence aa set forth in SEQ TD NO: 14. 
Kovacevic at al. do not teach or suggest the use of the fragment SEQ ID NO: 14 as a 
fusion carrier protein. Therefore it is respectfully submitted that the claimed 
invention is not obvious m view of the cited reference and withdrawal of the rejection 
is earnestly solicited. 

Applicant submits that no new matter has been added by the present 
amendments. 

Therefore, it is submitted that the claims are in condition for allowance, and 
reconsideration of the Examiner's rejections is respectfully requested. Allowance of 
claims 12 to 28 and 33 to 34 at an early date is solicited. 
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In the event that there are any questions concerning this amendment or the 
application in general, the Examiner is respectfiiUy urged to telephone the 
undersigned so that prosecution of this ^plication may be expedited. 

No additional fees are beHeved to be necessitated by this amendment. 
However, should this be in enror, authorization is hereby given to charge Deposit 
Account No. 19-51 13 for any underpayment or to credit aoy oveipaymetlt. 

ReqjectfiiUy submitted, 

Date; October 26. 2007 gy. < 




Agent of record 



OGILVY RENAULT 
1981 McGill College, Suite 1600 ' 
Montrdal (Quebec) Canada, H3A 2Y3 

Tel: (514) 847-4337 

Enc: Stratagene catalogues; Sigma technical bulletin; Invitrogen catalogue; de 
Taxis du Poet, Applied and Environmental Microbiology (1987); Hinton et 
al.. The Journal of Biological Chonistry (1985) 
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RECEIVED 
CENTRAL FAX CENTER 

OCT 2 6 2007 



CERTIFICATE OF FACSIMILE TRANSMISSION 

I hereby certify that this paper is being facsimile transmitted to flie 
Patait and Trademaifc Office on the date shown below. 

Emma Saffinan 
Name of person signing certification 




Signature 



October 26, 2007 
Date 
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NM522 Competent Cells 

Catolog #200233 



* n * * )i » t 



MATERtALs Provided 



Mqferiais provided 



Quantify 



Efficiency (cfu/]4g of pUCl8 PNA^ 



NMS22 compGfent cella (rad-orar>Qe tubes) 



5 X 0.2 ml 



PUC18 cwfrol pfqsmid (0.1 ng/pi TE buffer) 



k] X 10" 



10 



25 111 



Quality Control Testing 

Transformations are performed both with and without plasmid DNA using 100-nl diquots of ceUs and 100 og of pUC18 control ol^mid 
Background 

NM522 is a recombination-proficiem and EcoK irestiictipQ-defidem (RecA\ HsdR-) host sii«in. 

Silf f L^!?'!!^- f '"^ A(/«c.prM5) ^mcrB-hsd5M)5 (r," (F' praAfi /acf ZM/i J]. (Genes listed sigmfy nu«a« alleles 
Genes on the P e5)isome, however, we >«dld-type unless tadicatedotheiwise.) »v«iiu«)», 

NM522 cells contain the lacfiZMilS gene on the F' episome, aUowine bhie-whitc soeetune far recombinant plasnrid,. 

Transformation Protocol 

2. Thaw the competent cells on iec. When thawed, gently mix and aUquot 100 of cells into each of the two pre^hUled tubes 

3. Add 1 .7 ;d of P-meroaptoethanol provided with this kit to each aKqnot of ceUs. 

t' ^^^^'^'^ f 8™*^^- on iee for 10 minutes, swirling gently every 2 minutes. 

fif „r'?'fR T"!^^!^ DNA (see ««f Vow of DNA, revenue page, for guidelines) to onealiquoi of cdls and add 

I Ml Of the pUC18 control DNA to the Other aliquot Swirl the tubes gently. 

6. Incubate the tubes on ice for 30 minutes. 

7. Heat-pulse the tubes iu a 42'C water bath for 45 seooods. The duration of the heat pulse is eridcal for maximum efficiency. 

8. Incnbaie the tubes on ices for 2 minutes. •™"uiiiui ouiwwKy. 

9. Add 0.9 ml of preheated SOC medium and incubate die tubes at 3TC for 1 hour witfi shaking at 225-250 ipm 

^ trans&miadon nu»tu» on LB agar plates containing die appropriate antibiotic (and containing IPTG and X-gal if 
color screcmng is desncd).J For thepUC18 control transformatiou, plate 5 nl of the transformation on LB-ampii agarplatw » 
Notes Cells may be concentraxid by cemrtfuging at lOOO rpmfor 10 minum. Resuspend the pellet InlOOjJ cfSOCnuidiwn. 

?»2f >/S,'!f ? "'^ "'^i.'** <^J^'ot^OOjdpo0l (^SOCf^iumo^then spread the mixture witka sterile spre<uler. 
IfplntmgZlOOfd. the cells can be spread on the phiesdbvafy. Tdtandiap the spreader to remove the last drop qfeeUs 

^ii'^^Jf}'f^{^rT'''"''" • " is suspected to be toxic, plate the cetts on media 

Yftthota X-S(d and IPTO. Color screening will be eliminated, but lower levels ofihe potentiaUy toxic protein will be express^ 

^^^rH^hfT, " <"'^'S*y\ (" 'f^t 17 boun for blue-white color screening). Colonies containing plasmids with inserts will 
remain white, while Glomes containmg plasmids withom faisects will be blue The blue color can be enhanc^ by incobidM ttonX 
for two hours at 4«C Mowing the overnight incubation at iVC euuanceQ oy mewMting the plates 

f^^noHo^LT'^'H^'*" ^ colonies (il K 10> cfu/jig pUC18 t>NA). For the experimental DNA. the number of colonie, wffl vary 
accordmg to the size and form of the transfoiming DNA, with larger and non-supercoi^ad DNA producing fewer colWiS ^ 

i$ee Prqtaration of Media and Reagents. 



U. 
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Transforamtion Guidelines and troubleshooting 

«f ril^n^r"!!^"??'*"'/'''' supercoinpetent cdls a» veiy sensitive to even smtiU variations in teinp«>»tiu« and miiirt be stored at the 
bottom of ft-SO«C fteeior. Transfcmng tubes from one fieezerco another may lesult in a loss of efficiency. 

Ii^t'/*f^ M>J<«l™n polypropylene round-bottom tubes! It is important that 14-ml BD Falcon polypropylene reund-bottora tubes 
^■r^^^tT C'^«B #352059) are used for the transformation pn^tocoL since other tubes may be deK by P-mercaptorJrto 
addmon. the duration ofthe heat-pulse is critical aod lias been optiniized for those tubes. j f mx^a^pu/eaianm. m 

Aliqnoting Cells: Keep the cells on ice at all times doiios aliquofing. It is essential that the polypropyteilO tubes are placed Oil ice before the 
oells are thawed and that the cens are aliquoied dire«^^ 

of the Transfomanon PtqiocoI. Decxeasing the volume will result in lower efficiencies. in siep 4 

Use of p.MwcaptoethanoI (P-MB): 0-MB has been shown 10 increase tronsfonnation efficiency. Tte ^ME provided is diluted and ready to 
use, A ftesh 1:10 diluuoo (from a 14.2 M stock) may be used; however, Stracageoe cannot guarantee results with 0-ME ftom other sources. 
QuantHy and Volume of DNA: The greatest efficiency is obtained from the transformation of 1 Hi of 0.1 ng/'fil supeiooiled pUCiS DNA per 
reactton. Agreater number ofcoIomM may be obtained by transfontung up to 50 ng DNA, aldMWgh the resttltiog efElcieney (cfli/ufi DNA) mav 

^t^'^^V^ volume Of tto DNA solution added to the reaction may be increased to up to 10% Ofdie reaction volmne. Sutthe^^ormati^^ 
einciency may oe reduced. 

Heat Pulse Dnrafloni Opdmai wansforaiation eflGciency is observed when cells axe hoat-pulsed at 42°C for 45-50 secoddfl Efficiencv 
decreases sharply when cells are heai-pulsed for <45 seconds or for >6a seconds. 

Blue-White Color Screening: Blue-white color sciecning for rwombinant plasmids \& avaUable when transforming host sirains that contain the 
lacfizAM25jen^ on the F' epjsoflio with a plasmid that provides a^oomplcmentation (e.g. Straiagene'5 pBIuescript" H vector) When 
performing blue-white color omening, incubate the LB agar plates confining IPTG and X-gal at 37°C for ax least 17 houis to allow color 
deveiopmenL The blue color can be enhanced by subsequent incubation of the plates for two hoiirs at 4*C. 

Preparation of Media and Reagents 



SOB Medium (per Liter] 
20,0 g Of [ryptoii« 
5.0 £ Of yeast exU*a£C 
CSgofNaCl 

Add delonized H2O to a final volume of 1 liter 
Adtoc|av9 

Add 10 inl of filtar-sterilizdd 1 M MgCl2 and 10 ml of filter>sterilized 
1 M Mg504 prior to use 


SOC Medium (per 100 mi) 

Nof e This nwdium should be prapaxtd ifnntediaxely b^Ora unr. 

2 ml of ffltw^arerilizcd 20^ (w/v) glucose or I ml of fller-sterillzcd 
2 M glucose 

SOB medium (autodavcdXto a finul volume of 100 nd 


L6 Agar (per Liler) 

lOgofNaCI 
lOgof tryptgne 

5$q( yeast eximot 
20 g of agar 

Add deionized H20 10 a final volume Of 1 litcr 
Adjusc pH 10 7.0 with 5 N NaOH 
1 Avioclave 


LB-Ampicillln Agar {per Liter) 

1 linsr of LB agar, auiodavad 
Coolio55«C 

Add 10 ml of 10 in^/ra] fiUer-£teriH?cd ampidlUn 
Pour into peui dishes (^IS ml/] 00-mm pl&ec) 



To prepare platcs.for blue-white screening, prepare LB agar as indicated above. When adding the andbiotic, abo add 5-bromo.4^ch]oro-3- 
inodlyl-B-i>galaa(^3™ioside (X-gal) to a final concentration of SO jig/ml [prepared in dimcthylfonnamide (DMF)] and Isoprepyl-l-thio-D-D- 
galactopynmoade (IPTG) to a final coDcenlration of 20 mM (prepared in sterile dHjO), Alieniatively, 100 nl of 10 ntM UTTG and 100 jil of 
29b X-gal may be Spread on sofidificd LB agar plates 30 minutes prior to plating the transfoimaiioni. (For consistent color development across 
the plate, pipet the X-gal and ihe IPTG Into a lOO-^xl pool Of SOC medium and then Spread the mixture across the plate. Do not mix the IWG 
and the X-gal before pipctdng them into the pool of SOC mediimi because these chemicals may pxecipitate.) 

Limited Product Warranty 

This wBmaO' IMtt our liabUiiy w icplacemeni of ihk produci. No other watranties of any kind, express or implied, including wiihoui limitation imDlted 
coniequeADfll, or iiuadenial damages ansing oat of ihe use, the iuuIes of u$c, or die iaabilicy to use dita product. 

Endnotes 

p91v95cripi* is a legiscered trademark of Strutageoe in the Unlt^ Scales. 



Stratogena Technical Services 
USA/Canada (Toll-ftee) 800 m 1304 
Europe (ToU-ftee) 00800 740O 7400 

Email ecch^ervices(^8tratageae.eom 
World Wide Web wwvyjtntageDe.eom 
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SIGMA 



SOSOSpruco Street 
Seint Louis, Miasouri 60103 USA 
Telephone 800-325-5632 > (314) 771-6765 
>^ (314) 286-7328 
dmoii: techsdrvGstat.eom 
fiigma-aldrToh.oofn 



Productlnformation 

BL21-T1'* Competent Cells, Uni-Pack 



Product Number B 2685 
Storage Temperature -70 *C 



TECHNICAL BULLETIN 



Product Description 

BL21-T1'^ competent Escherichia coli Is an all-purpose 
expression strain suitable for the high level production 
of heterologous proteins directed by various expression 
vector systems (promoters such as lac, ire, tac, XPL, 
and a/aD). BL21-Tr is a B/r strain bacterla\ which 
nalurally lacks the fon protease^ and is also deficient in 
the outer membrane pn:)tease ompT. The absence of 
proteolytic activity from these two proteases may 
reduce degradation of some heterologous proteins 
expressed In the strain, in addition, the tonfii genotype 
confers resistance to the iybc bacteriophages T1 and 
T5 for protection of clonal stocks.^ 

Sigma's BUI-TI*^ competent £ coli cells are grown 
and made chemically competent using an optimized 
procedure specific to the strain, followed by strain 
verification and efficiency testing. The cells are 
provided In firozen 60 ^i aliquots for convenience. Each 
aliquot can be used for a single transfbnmation. The 
cells have a transformation efficiency of S3 x 10^ cfu/jig 
when transformed with non-saturating amounts of 
pUCl9plasmid DtvlA. 

Genotype of BL21-T1^ 

F ompT hsdSg^TB m^") gal dcm ionA 

Components 

BI-21-T1'' Competent Cells are packaged with sufficient 
reagents for 10 transformation reactions. 

• BI.21-T1 ^ Competent Cells, 10 x 50 jil, Product 
No. B 2810 

• pUCi 9 Control DNA, 10 ng/^il, 10 ul. Product 
No. D 2567 

Reagents and Equipment Required but Not 
Provided 

(Sigma Product Numbers have been given where 
appropriate) 

• Shaker incubator (37 '*C) 

• Cabinet incubator (37 *»C) 



• Heated water bath {42 °C) 

• SOC l^^edlum, Product No. S 1797 

• LB Agar EZiVllx™, Product No. L 7533 

• LB Broth EZMix™, Product No. L 7658 

• Appropriate selection antibiotic 

• 1 5 ml polypropylene culture tubes (sterile) 

• Culture dishes. Product No. C 6798 

• Sterile Spreaders. Product No. Z37,e77-9 

Precautions and Disclaimer 
Sigma BL21-Tl'^ Competent Cells ere for laboratory 
use only, not for drug, household, or other uses. 
Consult the MSOS for information regarding hazards 
and safe handling procedures. 

Storage/Stability 

All components are stable for at least six months after 
receipt when properfy stored at -70 "C. 

Handling Tips: 

1. Verffy that the cells are still frozen and dry Ice is still 
present in the shipping container upon receipt. 

2. Handle the tubes as little as possible to prevent 
accidental warming of the cells. Keep cells on Ice at 
all times. 

3. When mixing the cells, gently swiri or tap the 
reaction tube. Do not mix by pipetting or vortexing. 

4. Ceils can be refrozen on dry ice and returned to 
-70 *C, however transformation efficiency will 
decrease significantly with each freeze-thaw cycle. 

Procedure 

Before Starting: 

1 . Prepare LB agar plates with the appropriate 
antibiotic for selection of colonies that contain 
piasmid DNA. and warm to 37 "C, 



Sigma ii A Mtmhir of zht Sigma- Aldrich family 
Providing SiocXemicaii anil R«as«nt< for Lift 5ejAiie« Rcifarcii. 
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2, Heat a water bath to 42 °Q. 



3. (Optional) Add 1 pJ pUC19 Control DNA (10 ng) to 
one tube of cells. Mix gently by tapping the tube. 
Return the cells to the Ice. ' 



3. Warm SOC medium to room temperature 
(20-25 -C). 

I. Standard Transformation Protocof In Briaf 
Note: See following section for detailed protocol 

1 . Thaw the required number of tubes containing cells 
on wet Ice. 

2. Add 1-50 ng of DNA (or 1 ^l of control DNA>to cells 
and gently tap the tube to mix. 

3. Place cells on wet ice for 30 minutes. 

4. Heat shock cells by incubating tubes In a 42 **C 
water bath for exactly 45 seconds. 

5. Return the cells to fee for 2 minutes, 

6. Add 450 |il of SOC, at room temperature, to each 
transformation reaction. 

7. Shake at 225 rpm at 37 ^'C for 1 hour. 

8. Use a sterile spreader to evenly distribute 
transformation reaction over LB agar plates 
containing the appropriate selection antibiotic. 

9. Incubate plates overnight at 37 ^C. 

I'. Detailed Standard Transformation PrptocoJ 
Note: DNA in ligation reactions can be added directly 
to Slgma's competent cells. Inactivation of the ligase Is 
not required prior to transformation. No more than 
50 ng of ligation reaction should be used in a 50 m1 
transformation reaction. 

Plasmid DNA isolated using minfprep procedures is 
typically satisfactory. To achieve maximum efficiency, 
the sample DNA should be free of phenol, ethanol. 
salts, protein, and detergents, and be dissolved In TE 
buffer or water. 

1. Remove the required tubes of cells from the -70 **C 
freezer, including one extra for the control DNA if 
desired. Place tubes Immediately on wet Ice so that 
only the cap is vlsfbie above the Ice. Allow the celts 
to thaw on Ice for approximately 5 minutes. 

2. Visually examine cells to ensure they are thawed, 
and gently tap the vial several times to resusoend 
cells. 



4. Add 1 ng to 50 ng ligation reaction or purified 
plasmid DNA directly to cells. Mix as In Step 3. 

5. Incubate the ceils on wet Ice for 30 minutes. 

6. Heat shock the cells by Incubating tubes in a 42 *C 
water bath for exactly 45 seconds. 

7. Immediately retum the cells to ice for 2 minutes. 

8. Add 450 Hi of SOC medium, at room temperature. 
Into each tube containing the cell/DNA mixture. 
Optimal recovery may be achieved by transtertng 
the cells to a sterile 15 ml polypropylene culture 
tube. The cap should be loose to ensure sufficienl 
air exchange and aeration of the culture. 

9. Incubate cells at 37 •C with shaking (225-250 rpm) 
fori hour ^ ' 

10. Transfer 10-100 ^1 of each transformed cell 
suspension onto LB agar plates containing 
selection antibiotic and evenly distribute using a 
sterile spreader. Plates should be pre-warmed to 
37 •C for optimal transformation efficiency. When 
inoculating less than 25 nl of cell suspension, first 
pipette a drop of SOC onto the plate and add cell 
suspension to the SOC. 

Note: The amount of transformation mixture to plate 
varies with the efficiency of both the ligation and the 
competent cells. When using the control DNA. add no 
more than 10 |il into a drop of SOC on an LB agar plate 
containing 100 ^g/ml ampicillln or carbenlcillin. 

1 1 . Incubate plates ovemlght at 37 *»C. 
References 

1 . Wood, W. B., Host speclflclly of DNA produced by 
Escherichia colt: bacterial mutations affecting the 
restriction and modification of DNA. J. Mol. Biol. 
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2. Phillips, T.A., 9t al.. Ion gene pnDduct of Escherichia 
colt Is a heat-shock protein. J. BacterioL, 159, 283- 
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3. Braun, V., and Hantke, K., Bacterial receptors for 
phages and colicins as constituents of specific 
transport system, In Receptors and Recognition, 
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Series B. Vol. 3, J. L. Reissjg {Ed.)» pp. 101-130. 
(Chapman & Hall, Ltd,. London, 1977). 



Prabr^im 

No Coionies on 

plate 


Cause 

Cells thawed and re- 
frozen due lo Improper 
handling 


Solution — 
Obtain new product Temoerature of ultraeoiri frAP7Ar «hniiiH 
^70 *C or colder. 


Old or expired cells 


Obtain new oroducL 


_No plasmid DNA added 


Ensure Diasmid DNA was added to cell. 


input plasmid ONA 
missing antibiotic 
resistance ORF and/or 
replication of origin 




Low ligation efficiency 


Plale increased volume of transformation reaction. 


Too much, or wrong 
antibiotic used 


Adjust antibiotic levels In plates, Test a plate by streaking with an 

antibiotic resistant culture. 


Low efficiency 
transformation 


Check to make sure transfonmation protocol was followed exactly. 


Plate increased volume of transformation reaction. 
Check efficiency usina Included DUC19 control. 


Too Many Colonies 
on Plate or a Lawn 
of Growth rs 
Observed. 


High efficiency 
transformation or high 
amounts of Input DNA 


Plate decreased volume of transformation reaction. 


Too little antibiotic 


Adjust antibiotic levels in plates. 


Expired antibiotic 


Use fresh antibiotic In plates. 


Contaminated SOC 
media 


Obtain fresh medium and maintain sterile technique. 


Unexpected Growth 
on Plate (l.e. fungal 


Contaminated plates 


Prepare and spread plates in laminar flow hood to reduce 
contamination. 


or moid) 

■ 


Contaminated SOC 
media 


Obtain fresh medium and maintain sterile technique. 



SU/JWIV1 09/04 



Please vt3it^yw,siflma^ldrich,com ftor a comptete listing of competent cefls and other transformation 
products offered by Sigma-Aldrlch. 



EZMix i$ a trademartc of Sigma-Aldrlch eiotechnolofly LP. 



«^«« A,—.. . . ^ ^^^nia brancf producis ari& sold thrauflh Sigma^drteh, Inc. 

^^^t^^'JP^ ^ISPj^^u piwJucte conform to me Informatian contained in this and olhsr Sigma-Aldrleh Dublicatfons Purchasar 
must determine (he su.tabn.ty Df the produot(3) for their parUcufar use. Additional terme end oonmonTm^i^^^ 

the Invoice or packing slip. 
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Subcloning Efficiency'" DHSa"^ 
Chemically Competent E col! 

Catalog bo. 18265-017 

General Infomiation and Kit Contents 



Shipping and 
Storage 



Kit Contents 



Genotype 



Quality Control 
Procedure 



The kit ta shipped on dry ice. Upon receipt, store the kii at -TOX. Do not store in liquid 
niifogftn. 



The kit conxains the following reagents. 



Reagent 


Composftfon 


Amount 


DH5a~cells 




4x500^1 


pUCl^ 


100 pg/\i\ in 5 mM Tria-HCl, 0.5 mM EDTA, pH 8 


20|ya(2ng) 



F" 0gOtoc2AMI5 A(/acZYA-^7rgF)UI69 deoKtecAl endAl /w<&17(V, mk^phoA 
supB44 thi-l eyrA96 relAl X 



Competent cells (100 are transformed with 500 pg of aupercoiled pUC19 plasmid. 
Transfonncd csultures are plated on LB plates containing 100 M-g/ml ampicillin and ihe 
transformation efficiency is calculated. Test transformations are performed in duplicate. 
Transformation eHiciency should be > 1 x 10* cfti/>ig DNA. 
Untransformed cells arc tested for: 

• Absence of contamination by plating on five different LB plates containing either 1 00 
M^m] ampicillin, 50 pg/ml kanamycin, 15 [Xg/ml tetracycline, 20 p^ml 
chloramphenicol, or 100 Hg/ml streptonxycin 

• Inhibited growth on nitroilirftntoin (recA) 

• Lac' and Gal*^ phenotypes 

• Absence of lambda phage contamination 

Note: Saturatiivg amounts of control pUC19 DNA (25 ng) generates > 1 x 10* transformants 
from a 50 Mi reaction. 



Patent Information This product is covered by U.S. paient no, 4,981,797 and foreign equivalents. 



©Invitrogen^ 

life technologies 2M43] B 091 1 Oi 



PAGE1I»41'RCVDAT1IM26/2007 2:41:20PM [Eastern Daylight Timel'SV^^^^^ 



OCT. 26. 2007 2:46PM OGILVY RENAULT NM388 P. 19/41 



Overview 



Applications Subcloning Emclency™ DH5a~ Chemically Competent £. coli m suitable for: 

• Routine subclcmmg into plasmid vectors 

• Blue/while screening of transfomriants on selective plates containing Bluo-gal or X-gaJ 

• High-quality plasmid preparation 

• Transformation of large plasmids (up to 30 kb) 

• Transiently hosting M13mp cloning vectors (see page 5) 

Subcloning Efificiency™ DH5a~ are not suitable for generation of oDNA libraries. We 
recommend Max Efficiency^ DHSa^'-Tl^ Chemically Competent £. coli (Catalog no. 
12034^13) or UltraMax"*" DMSa'^-fl Chemically Competent E, coH (Catalog no. 10643013). 



0DH5a E. coli docs not require IPTG to induce expression from the lac promoter even 
Important though the strain expresses the Lac repressor. The copy number of most plasmids exceeds 
the repressor number in the ceils. If you are concerned about obtaining maximal levels of 
expression, add IPTG to a final concentration of 1 mM. 

If blue/v^rhite screening is required to select for transformants spread 40 ^1 of 40 mg/ml X- 
Oal in dimcthylformamide on top of the agar. Let the X-Oal diffuse into the agar for at least 

1 hour. . 



General Handling Be extremely gentle when working with competent cells. Competent cells are highly 
sensitive to changes in temperature or mechanical lysis caused by pipetting. 
Transformation should be started immediately following the thawing of the cells on ice. 
Mix by swirling or tapping the tube gently, not by plpetttng or vortexing. 



2 
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Materials Supplied You wiU need the followlixg Items for tmnsformation: 
by the User « 370c shaking and non-sh«dcing mcubator 

• 10 cm diameter LB agar plates with appropriate antibiotic (100 |ig^ ampiclllin to 
select transformants containing pUC19 control DNA) 

• LB, YT, or SOC Medium 

• Dry ice and ethanol 

• 37'C water bath 



Before Starting • Prepare a dry ice/ethanol bath and maintain at -70*C 

• Equilibrate a water bath to 37''C 

• Spread X-Gal onto LB agar plates with antibiotic, if desired 

• Warm the medium and plates in a 37"C Incubator for 30 minutes 

• Obtain a test tube rack that wiil hold all transformadon tubes so that they can all be 
put into a 3 7''C water bath at once. 



Transformation The instructions provided below are for general use. Plasmfd DNA should be free of 
Procedure . phenol, eihanol, protein, and detergents for maximum transformation elBQciency. 

1 . Briefly centrifuge the ligation reaction and place on wet ice. 

2. Remove one 500 yd tube of DHSa"** cells and thaw on wet zee. 

3. Place the required number of sterile 1.5 ml microcentrifuge tubes on wet ice. 

4. Gently mix cells with the pipene tip and aliquot 50 or 1 00 ml into each microcentrifiige 
tube. 

5. Re-freeze any unused cells in the dry ice/ethanol bath for 5 minutes before retunimg 
the ttibe to the -70®C freezer. Do not use liquid nitrogen. 

6. Pipet I to 5 ^1 (1-10 ng DNA) of each Ugalion reaction directly into ihe competent 
ceils and mix by tapping gently. 0o not mix by pipetting up and down. Store the 
remaining ligation reaction at -20°C. 

I, (Optional) Pipet 5 ^ (500 pg) pUC19 control DNA Into 100 |il competeni cells and 
mix as described in Step 6. 

8. Incubate die vial on ice for 30 minutes. 

9. Heat^shock for exactly 20 seconds in the 37"C water bath for 50 \jA volume (45 seconds 
for 100 Ml transformation). Do not mix or shake. 

10. Remove vial from the 37°C bath and place on ice for 2 minutes. 

I I. Add 900 to 950 ^ of pre-warmcd medium of choice to each vial. Proceed 10 next page. 

Continued on next pags 
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Transforming Chemically Competent Cells, continued 



Procedure, 12. Place the vial in a microcentrifuge lack on iis side and secure with tape to avoid loss 

continued of the vJaL Shake the vial at 37**C for exactly 1 hour at 225 rpm in a shaking 

incubator. 

1 3 . Spread 20 ^1 to 200 |LiJ from each transformation vial on separate, labeled LB agar 
plates. We recommend that you plate two different volumes. 

Note: You may have to dUute cells t :10 to obtain well-spaced colonies. Generally 
ligationa are at least 10-fold lower effloienoy 

1 4. (Optional) For ceils transformed with pUC 1 9 control DNA, plate 1 00 ^I of the 
transfonnation reaction, then serially dUute the transfonnaxion reaction I ; 10 and 
1:100 and plate 100 Hi of each dilution on plates containing 100 \ig/m\ ampiclllin. 

1 5. Siore the remaining transformation reaction at 'l-4°C and plate out the next day. if 
desired. If necessaiy, cells may be concentrated by centrlfliging in a microcentrifiige 
(5 seconds) and resuspending them in 100 ^1. Plate 1 to 90 ^I. 

16. Invert the plates and Incubate at 37^C overnight. 

17. Select colonies and analy:ce by plasmid isolation, PCR, or sequencing. 



Calculation 



# of colonies 
500 pg transformed 
PUC19DNA 



I 



Note 



Calculate the transformation efficiency as transformams per 1 (ig of pUCl 9 plasmid 
DNA. Be sure to account for dilution or concentration of cells (DF = dilution factor). 

^ J^M^ ^ 1000 ul total transformation volume x DF => # Uimsformants 
100 plated MSPlasraldDNA 

Expected transfonmation efficiency: >| x 10* cfu/Jig supercoUed plasmid. 



Transformation efficiejicies for cDNA and ligation of inserts to vectors will be lower than 
for a supercoiled control plasmid such as pUC19. 

• For cDNA, transformation efficiendes may be 1 0- to 1 00-fbld lower. 

• For ligation of inserts to vectors, transformation cfflclenoies may be 1 0-fold lower. 
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Using DHSa"^ as a Transient l-lost 



Introduction 



DH5a competent E, coli support replication of M 1 3mp vectors, but ii does not suppon 
plaque fbrroatlon. Plating on a lavm of £. coli containing the F episotne will allow plaque 
formaiion. 



Before Starting 



Procedure 



You will need the following reagents: 

• Dry ice/ethanol bath 

• Log-phase E. coli containing the F episome (eg; DH5a-FT'^, DHSaF*^, 
DH5aF'IQ™ JMlOl, or JM107) 

• Liquid top agar containing 50 jig/tnl Bluo-gai or X-gal and I mM IPTG 

• LB plates (no antibiotic) 



A general procedure is provided below for your convenience; you may have to opiimize 
the protocol for your particular circumstances. 

Remove one 500 xube of DH5a"* cells and thaw on wet ice. 
Place the required number of sterile !.5 ml microcentrlflige tubes on ice, 
Oenxly mix cells with the pipette tip and aliquot 50 |J into each microcentrifuge tube. 
Re-fireeze any unused cells in the dry icc/cthanol bath for 5 minutes before returning 
the Tube to the -70^C freezer. Do not nse liquid nitrogen. 

Transform 10 pg (or I-IO ng of a RF ligation) of repHcatlve form (RF) M13mp into 
50 |i] of competent cells. 

Incubaie the vlal on Ice for 30 minutes. 

Heai-shock for exactly 20 seconds in the 37**C water baih. Do not mix or shake. 
Remove vial from the ST^'C bath and place on ice. Note: Since selection by antibiotic 
resistance is not necessary for plaque fonnation, recovery in medium is not necessaiy. 

9. Take the log-phase E, coli containing the F episome and add to the liquid top agar. 

10. Add 30-50 \i\ of the transformation reaction from Step 8 to the top agar. 

1 1 . Mix and pour the top agar onto LB plates (no antibiotic). 

12. After the plate has solidified, invert and incubate at 37*C overnight or until plaques 
form. 



PAGE 22H1 ' RCVDAT 1(lf2«2l)07 2:41:20 PM (Eastern Daylight Time]' SVR:USPTO{FXRF-3I20* DliS:27383IIO' CSID:' DURATION (min-s$):15^2 



5 



OCT. 26. 2007 2:46PM OGILVY RENAULT 



NH388 P. 23/41 



Technical Service 



World Wide Web 




Contact us 



Visit the Invicrggea Web Resource using your World Wide Web browser. At the site, you 
can: 

• Get the scoop on our hot new producis and special pnjduci offers 

• View and download vector maps and sequences 

• Download manuals in Adobe® Acrobat* (PDF) format 

• Explore our catalog with full color graphics 

• Obtain citations Invitrogen products 

• Request catalog and product literaiure 

Once connected to the Internet, launch your Web browser (Internet Explorer 5.0 or newer 
or Netscape 4.0 or newer), then enter the following location (or URL): 

http://www.lnYltrogen.cojM 
...and the program will connect directly. Click on underlined text or owtlined graphics to 
explore. Don't ibrget to put a bookmark at our site easy reference! 

For more informaiion or technical assistance, please call, write, fex, or email. Additional 
international offices are listed on our Web page (www.invitroeen.comV 



United States Headquarters: 
Invitrogen Corporation 
1600 Fai'aday Avenue 
Carlsbad, CA 92008 USA 
Tel: 1 760 603 7200 
Tel (Toll Free): 1 800 955 6288 
Fax: 1 760 602 6500 
E-mail: 

tech serviccra^inviti'ogen.coTn 



Japanese Headquarters 

Invitrogen Japan K.K. 

Nihonbashi Hama-Cho Park Bldg. 4F 

2-35-4, Hama-Cho, Nihonbashi 

Tel: 81 3 3663 7972 

Fax: 81 3 3663 8242 

E-mail: iDinfo@Lnvitrogen.com 



European Headquarteks: 

Invitrogen Lid 

3 Fountain Drive 

Inchinnan Business Park 

Paisley PA4 9RF, UK 

Tel (Free Phone Orders): 0800 269 210 

Tel (General Enqubies): 0800 5345 5345 

Fax: +44(0) 141 814 6287 

E-mail: eurotech^ inviti-ogen. com 



M8DS Requests 



To request an MSDS, please visit our Web site (www.invitrQacn.com) and follow the 
instructions below. 

On the home page, go to the left-hand column under 'Technical Resources' and 
select 'MSDS Requests*. 

Follow instructions on the page and fill out all the required fields. 

To request additional MSDSs, click the *Add Another* button. 

All requests will be faxed unless another method is selected. 

When you are finished entering information, click the 'Submit' button. Your MSDS 
will be sent within 24 hours. 



1. 

2. 
3. 
4. 
5. 



Continued gn next page 
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Technical Service, continued 



Emergency In die event of on emergency, customers of Invitrogen can call the 3E Company, 24 houi? a 

Information . <lay, 7 days a week for disposal or spill informaiion. The 3E Company can also connect the 

customer with poison control or with the University of California at San Diego Medical 

Cenier doctors. 

3E Company 

Voice: 1-760-602-8700 



LImtted Warranty Invitrogen is commitied to providing our customers with high-quality goods and services. 

Our goal is TO ensure that every customer is 1 00% satisfied whh our products and our 
service. If you should have any questions or concerns aboui an Invitrogen product or 
service, please contact our Technical Service Representatives. 
Invitrogen wanmats that aU of its products will perform according to the specifications 
stated on the certificate of analysis. The company will replace, jfree of chai ge, any 
product that does not meet those specifications. This warrartty limits Invitro ^e^ 
Corporation's iiabiiiiv only to the cost of t he Product No warranty is granted for products 
beyond their listed expiration date. No warranty is applicable unless all produci 
components are stored in accordance with instructions. Invitrogen reserves the right to 
select the me4hod(s) used to analyze a product unless Invitrogen agrees to a specified 
method in writing prior to acceptance of the order. 

Inviu-ogen makes every effort to ensure the accuracy of its publications, but realizes that 
the occasional typographical or other error is inevitable. Therefore Invitrogen makes no 
warranty of ai^ kind regarding the contents of any publications or documentation. If you 
discover an error in any of our publications, please report it to our Technical Service 
Representatives. 

InvUrogen assumes no responsibility or liability for any special, incidental, indirect 
or consequential loss or damage whatsoever. The above limited warranty is sole and 
exclusive. No other warranty is made, whether expressed or implied, including any 
warranty of merchantqbility or fitness for a particular purpose. 

€►2001 Invitrogen Corporation. All rights reserved. ~~ 
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JM101 Competent Cells 

CatdlQg #200234 



Materials Provided 



Matoriah provided 


Quantity 


Emclency (cfg/^g of pUCI 8 DMA} 




5 X 0.2 ml 


&1 X 10* 


pUC18 conrrol plasmid (0.1 f\g/pi in TE buM 


10 Hi 




ji-MercoptOGthonol (1 .42 M) 


26^1 





„ .p,™„ ».«iiwuiaic»;r «v uouom OX a -^u I.* mozcroirecuy Bfom mc diy ice shippinji container. Do nol 

Store the cells in liquid mtroscn. 

Quality Control Testing 

pwisformations are performod both with fljid without plaamid DNA using 100-^1 aliquots of cells and 100 pg of pUClS oonitol plasmid 
foUowing the proiocol outlined below. Followiufi ccansfoimadon, 3-|jtl samples of the culnirt arc plated in duplicate on LB agar plates 

Background 

JMlOl is a recombination- and EcoK rcstriction-proficiem (RccA*. Hsdr^) host strain. 

JMWl Genotype: ^mpB ihi-l L{lap^proAB) IP' traD36praAB lacJTZiiMJS}, (Genes listed signify mutant alleles. Genes On the F' episome. 
howover, are wiM-lypc unless mdxcaicd otherwise.) ^ u^vuu»» 

JMlOl cells contain the kc/'ZAAfiJ gene on the F episomc. aUowing Wuo-whhe screening for leoombinant plasmids. 
Transformation Protocol 

1. Pre-duU two l^ml BD polypropylene round-bottom tubes on Ice. (One lube is for the experimenua uansfonnaiion and one mbe 
is foT die pUCl8 control.) Preheai SOC medlumfi to 42'*C. *4«iwuiuiuiiw «iu one woo 

2. Thaw the compeient cells on ice. When thawed, gtntly mix and aliquot 100 Ml of cells into each of the two pm^lkd tubes. 

3. Add L7 nl of 3-mercaptoethanol provided widx this ld[ to each aliquot of cells. 

4. Swirl the contents of the tubes gently. Incubate the cells on ice for 10 minutes, swirling genily every 2 minnies. 

5. Add 0.1-50 ng of the experimental DNA (see Quantity and Volume of DNA. reverse page, for guidelines) to one aliquot of cells and add 
1 jid of the pUC18 control DNA to the other aliquot. Swirl the cubes gendy. 

6. Incubate the tubes on ice for 30 minutes. 

7. Heat-pulse the tubes in a 4^0 water bath fof 45 seconds. TTie duration of ihe beat pulse Is critical for maxitmnn efficiency. 

8. Incubate the tubes on ice for 2 minuies. 

9. Add 0.9 ml of preheated SOC medium and Incubaie the tubes at ST'C for 1 hour with shaking at 225-250 rpm. 

10. Plate S200 mI of the transformation mixture on LB agar plates containing (he appropriate antiWodo (and containing IPTO and X-gal if 
color screening is desircd).5 For the pUCl 8 control tranflfbrmation» plate 5 m1 of die tran&formadon on LB-araplclllin agar plates.* 
Nofa* Cells may bs conceruraied by eentrifu^ing at JOOO rpm for JQ miniaes. R6Smpend the pelUt in 200 pi of SOC medium. 

If plaiini <m f4 of cells, pipet the cells into a 200 pi pool of SOC twdiiim ond then spread the mixMte with a sterUe spreader. 
If plating ^00 Ml, the cells can be spread on the plates directly. TtU and tap the spreader to remove the last drop of cells. 
Some fi-galaaosidasefUsion proteins are loxic to the host bacteria. If an insert is suspected to be toxic, plate the cells on media 
Without X'^al and IPTG, Color screening wiU be eliminated, but lower levels of the potentially toxic protein will be expressed, 

1 1 . Incubaie the plates at 37°C overnight (at least 17 houre for blue-white color screening). Colomcs containing plasmids with inserts will 
remain white. whUc colonies ooniaimng plasimds without inserts wUl be blue. The bhie color can be enhanced by incubatimt die Dlaies 
for two hours at 4*'C following the overnight mcubation at 37*C ^ 

12. For Ae pUClS control, expect 50 colonics (^1 x 10* cfu/pg pUC18 DNA). For Uie experimental DNA, the number of colonies wiD vary 
acooiding to the siZc and form of die transforming DNA, with larger and non-supereoiled DNA producing fewer oo!<mies. 

i^ee Preparation of Media and Reagents, 
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Transformation Guidelines and troubleshooting 

Storage Condifionsi Competent and supercompetcnl cells are vwy sensitive to even sraaU variations in temperate and musi be stored at the 
bottom of a -80 C freezer. lYansferrlng tubes from one freezer to anoOKX may result in a loss of efficiency. 

Use of 14-m\ BD Falcon pcilypropylMie roimd-bottom Hibcs: It ia miponam thai W-ml BD Falcon polypropylene round-bottom tubes 
(BD Biosciences Caialofi #352059) ate osed for the Twnafbimation pioiocol, since othcx tubes may be degraded by Q-mercapcoettiaDOl In 
addiCiQa. the duration of the beat-pulse is cridcal and has been optimized for these tubes. 

AUquotiog aasi Kepp the cells on ice at all ritm during aUquoiiiig. It is esfieiitjal that ihe polypropylene mbcs are placed on ice before the 
cells are thawed and chat the cells are aliquoted direcUy into pre-chUlcd tubes. It is also important to use the volume of cells indicated in sien 2 
of the Transformation Protocol Decreasing the volume will result in lower efficiencies. 

Use of P-Mercaptoethauol (p-ME)i p-ME Has been shown to inctttdsc transformAfion efficiency. The 0-ME pmvided is diliwed and ready to 
use. A fresh 1 : 10 daution (from a 14.2 M stock) may be need: however. Straia^ene cannot guarantee results wllfa p-ME firam other sources. 
Quantity and Vdume of DNA; The greatest cfiSciency is obtained from the transformation of 1 of ai ng/^1 supcrcoiledpUCIB DNA per 
reaction. A greater number of colonics may be obtained by transfoimlng up to 50 ng DNA, although the resulting efficiency (cfu/uB DNA) may 
be lc>«/er. The volume of the DNA soludon added to the reaction may be incccased to up to 10% of the reaedon volunMs, but the inmsfonnafloa 
ernciency may tw reduced. 

Heat Pube Durotf ottr Opdmal transformadon efficiency is observed when cells at© heat-pulsed at 42«C for 45-50 seconds, Effldencv 
decreases sharply when celk are heat-pulsed for <45 seconds or for >60 seconds. 

Blue-White Color ScreettSng: Blue-while color screening for recombinant plasmids is available when oansfomiing host strains diat contain die 
lacf^Z^lS gene on Oio F" episome with a plasmid that provides a-compleraentation (e.g. Stratogene's pBluesciipt* 11 veeior). When 
perfontung blue-white color screening, incubate the LB agarplares containing ItTO and X-gal ai IVQ for at least 17 hours to allow color 
development. The blue color can be enhanced by subsequent incubaiion of die platen for two hours at 4'*C 

Preparation op Media and ReAGeNis 



SOB Modium (per Utdr) 

20.0gafbypeDiic 
5.0 g of yeast cxaact 
0.5gofNaCl 

Add delonized H^O to a fioal volume of 1 Unsr 
Autodavc 

Add 10 ml of IIItB^slarilized 1 M MgCl2 and ID ml of filter-^teriliwd 
1 M MfiSO^ prior K> use 


SOC Medium (per 100 ml) 

Af nf« 7^ medium should bt prvpand immetUatafy btfwt us€. 

2 ml of ftlter-sierUized 20% (w/v) glueom or I ml of filter-sieiilittd 
2 M glucose 

SOB mediom (auioclaved) to a final volume of IQO ml 


LB Agar (por Liter) 

lOgofNaCl 
IQgof oyptonc 
5 g of yeasc extract 
20 g of Agar 

Add delonized ti^O to a final vtduma of 1 liter 
Adjust pH to 7.0 widi J N NoOH 
Autoclave 


LB->Ampkillin Agcir (por Liter) 
] liter of LB agar, autoolaved 

Add 10 ral of 1 0 mg/ral filiwwsterilizcd ainpicillin 
Four into pctii dishes (--iS ml/LOO^min plata) 



To prepare plates for blue-white screening, prepare LB agar as indicated above. When adding me andbiodc, also add 5-bn>mo-»-cUoio-3- 
jnodlyl-p-D-galaclopyranosido (X-gal) to a final coneentradon of 80 fi^ml [prepared in dimediylfonnamlde (DMP)] and isopropyl-l.thlo-D-iy 
galactopyranoside (ffTG) to a final ooncenuration of 20 mM (prepared in sterile dHjO). Altemadvely . 100 pi of 10 mM XPTO and 100 jd of 
2% X-gal may be Spicad on solidified LB agar plates 30 minutes prior to plating the inmsibnnations. (For consistent color devclopmenc acioss 
die pjat^pipei the X-gal ^ the IPTG into a IOO-mI pool of SOC medium and then spread the mixture across the plate. Do not mix die IPIXJ 
and me X-gal before plpetdng them into the pool of SOC medium because diese cheidcals may precipitate.) 

Limited Product Warranty 

This warraniy limits our liability to replaoement of thia product No other wjuranrics of any kind, express or implied, ineludbie widiout limitation, imotled 
wajtn.uc3of mer^^^^ aparticalsrpuT^ose, ^provided by Sinirag«il Stie'iagaae shall htv^f^uf^^^^^ 

cooje<iueDUal, gr mQidenal damages ftriAing cot of the use, the results of use, or the babiliiy to uie thia product. ^ 
Endnotes 

pBlueschpi^ is a registered trademark of Slratogcna in die Umicd Slates. 
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Plasmid Stability in Immobilized and Free Recombinant Escherichia 
coli JM105(pKK223-200): Importance of Oxygen Dijffiision, Growth 

Rate, and Plasmid Copy Number 
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Canada, Pointe-Ciaire, Quibec H9R 3J9, Canada^ 
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Stability of the plasmtd pKK223-200 in Escherichia coU JMlOS v^as studied for both free and innnobQized 
oells durLng continuous culture. The relHtlonship between plasmid copy number^ iiyknaSe activity^ which wfts 
coded for by Ibe plasmid, and growth rate and culture conditions involved complex interactions which 
determined flie plasmid stability. Generally, the plasmid stability was enhanced In cultured immobilized cells 
compared with free-cell cultures. This stability was associated with modified plasmid copy number, depending 
on tlie media used. Hypotheses are presented concerning the difltennt plasmid instability Idnetlcs obsenred in 
free-cell cultures whtch involve tbe antagonistic eUtets of plasmid copy number and plasmid presence on the 
pla$mld-bcaring/plasmid4^ee cdl growth rate ratio. Both dlffusional limitation la carrageenan gel beads» 
which is described in Theoretical Analysis of Immobilized<CeIl Growth, and compartmentalized growth of 
Immobilized celb are proposed to explain plasmid stabllily in immobilized cells. 



Plasmid stability and high biomass productivity are impor- 
tant Saciors for che development and commercial exploita- 
tion of eenedcally engineered cells, especially in food and 
chemical industries. In which the engineerins challenge and 
production efficiencies are crucial (9, 39). Future siraiegies 
for synthesis of protein products by using recombinant host 
cells should involve the following factors (2): molecular 
control systems, single-cell kinetics, microbial production 
dynamics, reactor productivity, and downstream process- 
ing. 

The following three levels of plasmid instability could 
correspond to the first three factors: structural iostabiilty 
{16), segregationa! instability (20), and competition instabil- 
ity (32). Enzyme engineering, through immobilization sys- 
tems, already offers certain advantages corresponding to the 
latter two factors: higher productivities due to high cell 
concentration obtained in the support (S, 10), lower invest- 
ment cost (18), easier downstream processing in terms of 
separation of product from cells (4), and also some physio- 
logical changes in cells (X9, 29« 38). 

In a previous work (7), we combined the methods of both 
genetic and enzyme engineeriitg to overcome the diificulties 
in growing recombinant host cells. The hnmobilization of 
growing recombinant Escherichia coii cells led to an in- 
creased plasmid stability which could be explained only 
paniaUy by the compartmcntalizfition of the cell growth in 
the support. 

The aim of the present study was to determine the role of 
cell immobilization on parameters involved in plasmid insta- 
bility, such as the growth rate and the plasmid copy number. 
The target protein synthesized by the plasmid was an cndo- 
p-D-xylanase (EC 3.2.1.8). Xylan is a 3-1,4-linlced hetero- 
polymer of xylose, often whh 4-a-methylglucurona4e and 
arablnose side chains, and is located in cell walls of higher 



* Corresponding author. 



plants, especially hardwoods and grasses (37). Xylan hydrol- 
ysis could be of commercial significance, since some indus- 
trial processes, for example in the pulp and paper industry , 
release large quaniitiea of xylan in their effluents Which could 
be used as feedstock for bacteriaJ protein production. Fur- 
thermore, xylanase could also be used to remove hemicel- 
lulose from hardwoods for possible application in dissolving 
pnip (24). 

MATERIALS AND NfBTHODS 

Bacterial strain and pissmid. A gCnc coding for endo-f^D- 
xylanase synthesis in BacUlus subtllis PAP115 was originally 
cloned in £. coli V/ABOl via the plasmid pBR325 (3). An 
EccRl-bordCFCd fragment of chromosomal B. sabrHis DNA 
was isolated and sequenced (23). Data showed that this 
fragment, harboring the xylanase activity, oontained a signal 
sequence which allowed^ in at least two different £. coii 
strains, the secretion of a functional 6ndo-^i>^xylBna8e 
activity in the culture supernatant (25). This fragment of 
DNA was then inserted Ia the Ec^RI site of the expression 
vector pKK223*3 (Pharmacia P-L Biochemtcals, Inc., Mil- 
waukee« Wis.) to obtain the plasmid pKK223-200. This 
vector contains both the tac promoter, which Is activated by 
the addition of Isopropyl-jS-D-thiogalactopyranoside (IFTG) 
to the medium, and the ampicillin resistance gene as genetic 
markers. The recombinant plasmid was introduced by trans- 
formation into E. coli JMIOS (Pharmacia P-L Biochemicals, 
Inc.), a thiamine proline-Iess mutant. The new clone, named 
£, coll JM105(pKK223-200), produced larger amounts of 
extracellular xylanase than did the original xylanase- 
producing E. coll strain and was used throughout this work. 

Immobilisation procedure. Cells were Immobilized as pre- 
viously described (34) by using 2% carrageenan (£ 407; 
Ceca, Carentan, France). The mixture, 1 ml of inoculum 
(approximately cells ml'') and 9 ml of gel solution, was 
pumped and added dropwise to 0 J M iCCl solution.. The 
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inid'ai cell concentration in ficl beads was then apprDximately 
equal to 10^ cells cnr^ The spherical beads formed had a 
mean diameter of approximately 3 mm. When necessary^ the 
eel beads could be dissolved in 0.1 M sodium citrate at 
40*C. 

Media and culture conditions, The LB medium contained, 
per liter of deionized water, 10 g of Bacto-Peptonc, 10 g of 
NaCl, and 5 g of yeast extract (all from Difco Laborsicories, 
Detroit, Mich.). The minimal broth contained, per liter of 
deionized water, 10.6 g of Minimal Broth Davis (Bioclass 
Laboratories), 1 g of glucose, and 10 mg of thiamine. Both 
media were supplemented with 0.1 M KCl to ensure better 
mechanical stability of the gel beads. When necessary. 
ampiciUin and IVTG were added to the media at final 
concentradons of 30 \ig ml"^ and 0.2 mM, re$pectively. In 
order to ensure that all cells were plasrnid bearing and to 
derepTBss xylanase synthesis (P*^ and cells are plasrnid- 
bearing and plasmid-free cells, respectively). Batch cultures 
were carried out in 500-ml baffled Erienmeyer flasks, each 
containing 100 ml of medium. The cultures were agitated at 
250 rpm and 37^C (Orbit Environ-Shaker; Lab-Unc, Melrose 
Paric, 111.) for various periods of time. Continuous cultures 
were conducted by using a MultiGen model F-1000 
fermentor (New Brunswick Scientific Co., Inc., New 
Brunswick, NJ.) with a working volume ranging ^m 150 to 
260 ml (26). Th^ medium was pumped (Masterflex Digi- 
Staltic pump; Cole Parmer, Chicago. 111.) into the fermentor 
through an inlet at the top of the vessel, and the spent 
medium containing cells was removed to an overflow jar 
with the same pump by using a second bead with a larger 
tubing and thus a hi^er potential How rate. Thus, the 
working volume of the fermentor was fixed by the height of 
the outlet tubing Inside the fermentor. The release of gel 
beads from the fermentor was prevented by a grid surround- 
ing the outlet tubing. The temperature of the chemostat was 
maintained at 37^ by means of a built-in temperature 
controller Aeration was 5 air volumes/liquid volume per 
min, and the injet air was humidified by three humidifying 
columns. 

Cell counting and percentage of ceils. Xylanase activity 
on plates was detected by adding l% of the soluble fraction 
of xylao (Sigma Chemical Co.. St. Louis, Mo.) and h$% 
agar to the LB medium. Recombinant xylanase-nroducing 
clones were identified by the formation of a clear zone 
around the colony after enzymic digestion of the opaque 
xylan suspension in the agar. Cultures were diluted in sterile 
saline and plated on the xylan medium (five places per 
dilution). The percentage of cells was determined by 
using the ratio colonies showing a clear zone/total number of 
colonies. Preliminary results showed that ampictllin resist- 
ance was significantty correlated with extracellular xylanase 
synthesis. 

Plasrnid copy number. Afler DN A extraction and agarose 
gcl electrophoresis. (27), the gels were siaincd with a 1 mg 
ml~^ ethidium bromide solution for 30 min, and measure- 
ments of each band density from negatives of gel photo- 
graphs were made with a scanning densitometer (LKB 2202 
Ultroscan laser densitometer; LKB, Bromioa, Sweden) cou- 
pled to a microcomputer for peak integration. The molecular 
masses of the plascnld and the chromosome were ^.SQ X 10^ 
daltons and approxhnately 2.6 x lO' daltons, respectively. 
The plasrnid copy number <;i^) was calculaied as follows: 
= (Mc • Cp)fMf, ' C, ' percentage of P* cells), where Mp and 
Mr were the molecular masses of the plasrnid and the 
chromosome, respectively, and C» and Cp were the amounts 
of plasrnid and chromosome DNA. respecdvely. 



PLASMID STABILITY IN IMMOBILIZED E. COU 1549 

D«ierniinatlon of xylanase In supernatant. Xylanase activ- 
ity was measured as previously described (23) and was 
expressed in micromolcs minute'^ (International units 
milliliter'^). Reducing sugar concentrations were deter- 
mined by the diniirosalicylic acid method (21). 

DiStision and partition of oxygtn and glucose in the car- 
rageenan gel beads. The dI£fU$ion coefflclenis of oxygen and 
glucose were determined by measuring the kioetics of the 
absorpdon of glucose into the gel beads and the desorptlon 
of oxygen into the solution (35). In the case of glucose, 50 ml 
of glucose-fjree gel beads was mbted with 50 ml of filuoose 
solution of known concentration (approximaicly 1 g liter'^) 
In an Erienmeyer flask. The decrease in glueose concentzBp 
tion in the solution, which was due to the diffusion of glucose 
Into tha gel beads, was measured repeatedly by the 
dinttrosalicylic acid method (21). In the case of oxygen, the 
beads were oxygen saturated in oxygen-saxurated water. The 
initial oxygen concentration in ge] beads was 6.3 X I0~^ g 
liler'^. A 45-ml amount of oxygen-saturated gel beads was 
mixed with 40 ml of oiiicygcn-free water. The increase in 
oxygen concentration in the solution was determined on a 
continuous basis by an oxygen meter (model 54A; Yellow 
Springs Instrument Co., Yellow Springs, Ohio). 

The partition coefiicients were determined by measuring 
the ratio of glucose and oxygen concentrations in the beads 
to the respective concentrations in the solution at equilibrium. 

The experiments were performed at a temperature of 37°C 
and at an agitation of 250 rpm (Lab-Line Orbit Environ- 
Shaker). 



THEORETICAL ANALYSIS OF IMMOBILIZED^ELL 
GROWTH 

Determination of oxygen and glucose difltaaioii and partitiota 
ooelDclents in gel beads. The diffusion coefficients of glucose 
and oxygen in carrageenan beads were determtned by using 
the equations developed by J, Crank (5). 

In the case of glucose, the gel beads were initially glucose 
free* The glucose concentration in the solution (Ci) was 
initially Cm and is defined by the following expression: 

where o is the radius of beads, D is the difiUsion coefficient 
of glucose, and is the rtonzero positive root of the 
following equation: tan » 3^i,/(3 + ouif?h where a is the 
ratio of solution to bead volume corrected by the partition 
coefficient K: 

where Vt is the volume of the solution without the beads, 
is the total volume of the beads« and Is the number of 
beads. It can be shown also that K is defined by K — CbJ^u* 
where Cbw and Cu are the concentrations, at equilibrium, of 
solute in the beads and in the solution, respectively. 

In the case of oxygen, the solution wai imtially oxygen 
free, and tho oxygen concentration in the beads was initially 
C^. The oxygen concentration in the solution is defined by 
the following expression: 

r f, ^ [6a(lf tt)^-^^=^^^] 
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TABLE 1. Kinetic characierisiicfi of and p- cells in minimal and LB mtdia 



Plumid (tudf 
ofceU 






Kinetic characierisiles" In: 








Minnoftl 


BicdniDi 




LB medium 










fCi^ (mg tiler" •) 




P' 

P- 


0.55 ± 0.02 
0.63 ± 0.02 


0.57 ± 0.02 
0.39 ^ 0.02 


0.96 ± 0.07 
1.61 * 0.07 


52± 15 


0.85 ± 0.02 

1.02 ±0.02 



* Is the maximum ipeciAc growcti roie. i% iM rndXimOin cpeciAa gluoosc consumption r^K. Yx/^t ta the yidd flictor of biom^s growth lo ghicose 
coflsumed and a the saiuruion consc^ai of slucose (gluGaie conoAAirailon at |4 " iima^K Data arc niMO$ ± scandard deviation!. 



The experimenca! results were fitted by using the least* 
square method. 

Kilieties «f oeU growth and substrate eonSinnption. The 
growth rate was dctennined by using the double-substrate. 
Monod equation kinetics: 

/ m \ ( [QIC] \ 

where is Che maximum specific 6n>wth rate, [OJ and 
[01c] are the concentrations of oxygen and glucose, respec- 
tively, and Kso^ and Ksci^ are the saturation constants of 
oxyficn and glucose, respecnvely. 

The rates of substrate consumption (fi).were calculated as 
follows: Coj = iL/Yxio.^na Qc\c = >a/>x«5Ic. where X^/ckand 
Ky/cio ^ the stoichiometric constants of biomass produced 
to oxygen and glucose consumed, respectively. 

During a period of time Ar, the biomass concentration (X) 
increases as follows: ;r(,+Ar) = AT, exp^'. The quantity of 
substrate utilized for biomass growth was calculated as 
follows t 

dSJdt ^ QX, which Is solved by LS = QX^t, and thus 
AfOi] = Qo^Lt and AfOlc] « Qq\JC^ 

Kinetics of division and consumption of substrates. Glu- 
cose and oxygen dlfi\ise into the beads and are both con- 
sumed for biomass growth according to the kinetics de- 
scribed above. Here, we used a numerical method co solve 
the diffusion equation (finite-difference approximation) (5), 
The oxygen and glucose concentrations in the beads were 
Initially equal to zero, and the surface concentrations Of both 
substrates were constants. The following nondimensionaJ 
variables were introduced: J? = rla and T = £>{il€?)^ and thus 
AjR = Ar/fl and AI - D{^t/a^). 

On using these variables, the equation for radial diffusion 
in a sphere of radius a becomes dC/dT = d^/dJfi + 

By using the finite difference approximation, we obtained 
the following diffbsion kinetics: 



and, for m a 0 (at ihc centers of bcads)^ 



wherem is the number of intervals which divide the radius of 
the beads and C(,.,«-i>. C<,.„,), and C{,.^*i, denote the 



substrate concentrations at the points (m l)Ar, mAr, and 
im + l)Ar, respectively, at time r. C^^i. is the substrate 
concentration at the point mAr at time / 4- Ai. 

Each ooneentration was then modified at each time and 
each radial position on the basis of the previously described 
kinetics of cell growth and substraie consumption. The value 
of DAf/(A/-)^ chosen was and (he number of intervals 
dividing the beads was m •» 80. Calculations were made by 
using a microcomputer* 

RESULTS 

Kinetic characteristics of free P*** and P" cells. Batch 
fermentations were used to determine the kinetic character^ 
istics of free P*" and P~ cells. The results are shown in Table 
1. For the P*^ cell cultures, ampicillin was added to the media 
in order to maintain 1009^ P* cells. In the minimal media 
cultures the optical density of the cell suspension at 600 nm 
and the glucose concentration were monitored. For p"^ and 
P~ cells, the maximum specific growth rates (^f) and the 
maximum glucose consumption rate (Q^nax) were calculated 
by measuring the slopes of In optica] density at 600 nm 
versus time plots and the substrate consumption rate versus 
biomass concentration {dS/dr = -gman • X), respecuvely; 
the glucose saturation constants (Ks^J were determined by 
using Unewcavcr-Burk plots. The yield r^/oi* is the ratio 
}»>mnJQmBx and represented energy needed for both cell 
growth and cell maintenance. The jimitx ^*f\hnM P" ratios in 
LB and mtnbnal media were found to be 0.83 ± 0.04 and 0.87 
±0.06, respectively. 

Relationship between plasmid copy number* extraceliuJar 
xylanase activity, and growth rate. Continuous free-cell cul- 
tures In LB and minimal media were conducted at different 
diluiion rates. IPTO and ampicillin were added to both media 
in order to obtain xylanase production and to maintain 100% 
cells, respectively. The cultures were maintained at 
desired dilution rates during a 24-h period in order for them 
to reach their steady state, and then plasmid copy number 
and extracellular xylanase activiiy were determined. In 
minimal media (Fig. la), the plasmid copy number increased 




when the dilution rate, which represents the growth rate of 
the cells, decreased. The effect was less significant in LB 
medium. Funhermore, at the same dilution rates (between 
0.3 and 0.5 h"'), the plasmid copy number was dependent On 
the medium used. Despite the sharp increase in plasmid copy 
number in minimal media (F|g. lb), the extracellular 
xylanase activity remained approximately constant at 0 J lu 
ml" ; contrast, the relatively low increase in pJasmid copy 
number in LB media was associated with an important 
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FIG, 1. Relarionship between pb«mi<l copy nuimxjr. exiraccllular xylanasc aciiviiy. und dlluUon raie in frcc-cell eonilnuous cuUuns with 
?b y«?.n?J:ilTvl/^^ ^^-^ ^nd minima mediumj^) and plaBmId copy number in LB <«) and minimM medium (O) 

(bj Xylanase acilvUy In LB (•) and minimal medium (O). Ampicillin and IPTG wcra added (o boih media in order to obiariSS celli 
and xyl»nasfl synthesis. The continuous culmrcs were maintained at iha dftsired diJuUon ratw durint a 24,h period in prdor 10 allow them to 
reach ihclr steady iiiate. and then p(a»mid copy number and extracellular xylBiia»e aciiviiy were deiermlncS. 



increase of up to 1.5 lU ml-* in exiraccliular xylanase 
activity. 

Piasmid lability in free-ceU continvous cultun*«. In the 
present study, the cominuous cultures were run without 
ampicillin, and only LB medium was supplememed with 
IPTG. The number of generations was calculated from 
//io 2 (17). where is ihc dilution rate and t \% chc 

time. 

By using minimal media, cwo continuous cultures wei« 
conducted at dOution rates of 0.19 h"' (3596 of ji^nx P" in 
minimal media) and 0.46 h"* (84% of ji^u, in minimal 
media). The plasmid stabilities and plasmid copy numbers 
are shown in Pig. 2a and b. The culture conducted at the 
higher dilution rate showed a higher plasmid stability com- 
pared with the one conducted at the lower dilution rate. 
However, the characteristics of these two curves were 
diifcrcnt: at the lower growth rate, during the first 40 



generations* the percentage of P* cells and the plasmid copy 
number remained stable. Subsequently, the percentage of P* 
ceils began to decrease, and at the same time the plasmid 
copy number increased to 200. Concurrently, in the higher- 
diluiion'raie culture, the percentage of P" cells and the 
plasmid copy number started to decrease immediately. 

A continuous culture was conducted by using LB medium 
at a dilution rate of 0.76 h"* (9096 of the M-mox P* in LB 
media). The plasmid copy number, the extracellular 
xylanase activity, and the percentage of P' cells for both 
cultures are shown in Fig. 3a and b. The percentage of 
cells in the free-cell culture started to decrease immediately 
and significantly faster than in the higher-diluiion-rate free* 
cell culture in minimal media. The plasmid copy number 
curve showed the same shaps as that of the xylanase 
activity, and both became undetectable quickly. 

Plasmid stability in immobilizetl-cell conlintious cultitres. 



S 

ja 





100 1M 

GtnerBUoni 

FIG. 2. Continuous cultures of free and immoblll2ed tt\U in minimal medium wiihgui s^lecuon prcs&un:, (a) l^rceniagc of P* cells in 
CullurCR of Immobilized cellj {^), cells relCiwed from s«l bcudjt. (▲>, and frcc-CCll CuUures ai D„„« * 0.19 h' * I ♦ ) and D,^^ = h"' (O) 
(b) Plasmid copy number per P' cell in immohnized cells (A), cells relea.sed from gel beads (A), and frec-ccll eutiurei ni D,„k. - 0,19 h" M ♦ ) 
and Om^ " 0.46 h (0). No ampicillin wiy> juicTcd 10 the medium, and the dilution rate of the immnbiliicd-ccll culture I0n„, = L* h *) was 
made much higher than ihe of P" and P * cells In order to wush out the ceils releaned from the bendu and thereby lo avoid iheir division 
in ihc fermenior. The number of generaiions was ealcubted from i)/ln 2 for ihe free-cell cultures and tix^, P" f)/ln 2 for the 
immobilized-ccll culture (17 1. 
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FIG. 3. Continuous cvlUjres of free and iminobillzcd cells cultured in LB medium without fid^ciion pressure, (a) Percfiniagc of cells 
io ImmobilizBd celU (L), cells released from gel beads <A). and a free-Qcll cuUure at = 0.7< h'^ (O). (b) Plasmid copy number per 
cell fa Immobilised cells (□), cells released fi^m gel beads (■), and a free-cell cuUure ai !>n\o = 0.7d h~* ( « ). Xylanase activity of 
Immobflited cells {^y and a free-cell culture at D^y, - 0.76 b'> (0). The LB media contained liTG bui no amincillin. The dilution rate of ihe 
immobilized-cell culture was Z>rtic = L9 h'S and the generation number was calculated as described in the legend to Fig, 2. 



The dUutlon rates of the immobilUed-cell cultures were 
made much higher than the maximum growth rate of both F*^ 
and P~ cells in order to wash out the cells released from the 
beads and thereby lo avoid their being divided in the 
fermentor. The number of generations was calculated from 
the equation P+ r/In 2. 

In minimal media culture (Fig. 2a and b), the percentage of 
P"^ CCDs in the beads remained approximaiely constant (less 
than 10% cell lOAS during 200 generations). The percent- 
age of cells released from get beads showed the same 
curve aa the immobilized celts but bad a 10 to 20% lower 
value. The plasmid copy number of both cells in the 
beads and those released from the beads rose to the 400 
level. 

In the LB media cuUure (Fig. 3a and b), the perceniage of 
cells began to decrease, to 75%, and remained constant 
until the end of the experiment. The plasmid copy number in 
both immobilized and released cells decreased during the 
first 25 generations and then remained constant at values of 
20 and 10 copies, respectively. On the other hand, the 
excraceUular xylanase activity measured in gel beads, after 
their dissolution, increased to 4 lU ml"^ 

Another immobilizcd-ceU culture in LB medium showed a 
stable maintenance of the percentage of P* cells, approxi- 
mately equal to 100^ in both immobUized and released cells, 
until generation 500, at which point the experiment wns 
stopped (data not shown). 

Cell growth En carrageenan gd beads. The diffusion coef- 
ficients of oxygen and glucose at 37'C in 2% carrageenan gel 
with 0.1 M KCl were found to be equal to 1.5S x 10~^ s"^ 
^ ^^'^^^ ™! respectively. The oxygen diffusion 
coemcieot can be given as a percentage of its value in pure 
water at the same temperature. The oxygen diffusion coef* 
ficient in pure wawr at 25'C is 2.41 x 10"* m* s"*; it was 
calculated at rr^ by using the equation D = const e/tj (1), 
where 0 is the temperature in degrees Kelvin and n is the 
vi&cosiiy of water at the defined temperature. On the basis of 
this equation, the oxygen diffusion coefficient in water at 
37*^ is 3.23 X 10"^ m^ s'^ Thus, the oxygen diffusion 
coefficient In 2% carragecnan gel Is 49% of its value in pure 
water and so is lower than in calcium alginate or agar beads 



(1, 31) but higher than in barium alginate beads (14). TTie 
partition coefficients for oxygen and glucose were 0.7 and 
1.0, respectively. This indicates that there was no partition 
for glucose and chat the panition cocfflciem for oxygen was 
not favorable for the carrageenan gel. 

The diffusion-consumption model was <leveloped by using 
the values of parameters shown in Table 2. They correspond 
to a continuous culture of immobilized P"^ cells in minimal 
media. The plasmid inscabiUty was not taken into account in 
the model. The oxygen and glucose concentrations in the 
bulk solution were constant. As described in a previous 
experiment (7), the biomass growth was limited to the outer 
layer of beatds. The simulation of biomass growth showed 
diat 74% of the endre biomass contained in beads was found 
In a 130-M.m outer layer of beads which represents 25% of the 
total bead volume. This limitad growth was due to the lack of 
oxygen in the centers of beads while they were continuously 
saturated with glucose. This oxygen limitation in immobl- 



TADLE 2- Parameter values'" for simalation of biomass growdi in 
gel boads 



i^nniBwir 



Unit 



Value 



foic] 



Cg Utfir->) 



(m^s-i) 



(mm) 
(g llicr-') 
(rag liter"*) 



0.55 

7.5 H 10-» 
9 X X0-' 
1.33 
0.96 

1.58 X 10-» 
9.81 X 10-» 
0.7 
1 

1.56 
1 

4.25 



'Ko. ftiKt JCcK- are Ihe putition coegicieats ef oxygen and sIucqso. 
rcspccilvely: a I& the radius of the beodi; [GlcJ And lOJ are the constant 
coAcentnilions of glucose and oxygen in Iho bulk tolutioo Cmulivplied by Ka, 
and respcolivdy): and Do^ and ^ci« the difl\i«ion ooefHotenis Sf 
oxyacn and glucose, respeetivoly. In the «art«Beenan gel. The olhcr pa 
Tcm are defined in Table 1, fooinoie «. The values of Yxh>, and Kx. 
iu«um«d from refeMncc 36. ^ ^ 
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FIG. 4, TheorctiQ^I profiles of lmmobilizcd<dI firowih. Sliown 
are glucose concentration gxygen cooceniratign 

t-"' )* and a histosmm of biomass concpotralion after 13 h of 

simulated growtb. Tho abscisi a represents [he distance from ihe 
surface of Ibe beads. The left side of the ftgurc represents the eenicr 
of the bead, and the rifihl side represents the surface. TTie histogram 
of biomass conceniratlon is divided into 8Q intervals, each one 
corresponding to 19.$ )m. The values of paramsten used In the 
model are shown in Table 2. 



Hzed cells (ll, 28. 36) after 13 h of simulaicd growth is shown 
In Fig. 4. At this time, cell-containing cavities in the outer 
layers of beads explode, due to the cell growth^ and cells are 
released from beads. The growth rate of imroobilized cells 
depended on their location in the beads. Consequently, their 
plasmid copy number could change on the basis of their 
growth rate. 



DISCUSSION 

From the single-cell kinetics point Of view* plasmid-free 
cells hftve a growth rate advaotage over plasmld-bearing 
ccl>6, as observed in numerous cases (15). The ratio 
MtnM P^/Mnam 18 approximately 0.&5 and does not signif- 
icantly change in cither LB or minimal medium Thus, the 
competidve advantage of P~ cells is the same at different 
growth rates. This difference in growth rate could be due to 
the additional enci^ needed for replication and transcrip- 
tion of the pJasmid (22, 30, 33) on the basis of the higher yield 
facior Y/joGtc determined for P~ cells ratber (ban for P+ cells. 
More surprising is the result concerning the glucose sawra- 
tion constant of P* cells, which was found to be approxi- 
mately six times lower than chat of cells and which thus 
allowed a growth advantage for P" cells at low glucose 
concentrations (6), 

The study of the relationships between the dilution rate, 
the plasmid copy number, and the cutracellular xylanase 
activity was done with ampicillin selection pressure to avoid 
the problem of plasmid instability. As a general observation, 
ihe dilution rate of free-cell continuous cultures influences 
the plasmid copy number of cells. However, the character- 
istics of curves obtained in LB media flow increase) and in 
minimaj media (exponentiallike increase) arc different. Fur- 
thermore, for the same range of dilution rates » the plasmid 
copy numbers are different depending on the media used. 
These results show that the plasmid copy number does not 
conelaie exclusively with the dilution rate of the culture but 
could also involve^ for example, the nature of the growth- 
limiting factor, which Is glucose for the minimal medhim and 
which has not been determined In the more complex LB 
medium. On the other hand» extracellular xylanase produc- 
tion not only is associated with the plasmid copy number but 
also depends on the media used. Despite the large increase in 
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plasmid copy number in minimal medium, the extracellular 
xylanase activity remained almost constant. In the LB 
culture, a relatively low increase in plasmki copy number 
invoked a large increase In xylanase activity. Xylanase gene 
transcription efficiency or, in a more general tcrm» a lack of 
available energy for P' cells could explain this result. 
However, it can be observed that this lack of available 
energy docs not result in a lower rate of plasmid replication. 
These results show that, for the enzyme productton. both 
plasmid copy number and culture conditions m important 
Kictors CO take into account (32). 

In all free-ccJI continuous cultures without antibiotic se- 
lective pressure, the plasroids are not stably maintained in 
terms of percentage of P* cells. The determined percentage 
of P cells involves two different factors: the probability that 
a P" cell appears at cell division and, once this P~ cell 
appears, the competition between P* and P' cells. The 
plasmid copy number and the P^/P" cell grovrth rate rtido 
could be the two parameters which correspond to these 
factors and could have antagonistic effects on plasmid sta- 
bility. First, if the plasmid copy number increases the 
probability that a P* cell wfll appear ai cell division de- 
creases, but the difference in growth rate of P* and P" cells 
increases, allowing the P' cells to rapidly overgrw the 
culture. Second, if the plasmid copy number Is low the 
overgrowth of P' cells would be slower, but the probaUlity 
that a P- cell will appear at cell division could incitiBse. 
These two cases could correspond to the two different 
shapes of plasmid instabiUty curves described in the Results 
section of this paper; (i) an initial plasmid stability followed 
by a fast decrease in stability or (ii) an Initial decrease in 
plasmid stability, respectively. Thus, on the basis of these 
results, the plasmid copy number increases In low-dilution- 
rate cultures without antibiotics but this increase is not 
sufficient to maintain a constant percentage of P"*" cells due to 
a possible Increased difference between P* and P" cell 
growth rates. 

Iinmobilized-cell continuous cultures in both LB and 
minimal media showed a higher plasmid stability than did 
free-cell cultures. In the case of the immobilized-cell culture 
conducted in the minimal media, this stability is associated 
with a very high plasmid copy number. In contrast lo the 
free-cell culture, the high copy number (n the immobilized- 
cell culture does not produce a large decrease in the percent- 
age of P* cells. The immobilization involves a compartmen- 
talized type of cell growth whfch limits ihe competition 
between P and P~ cells C7) and therefore provides a higher 
plasmid st^lity. In fact, the determined plasmid copy 
number of immobilized cells is an average copy number 
because of the gradient of growth rates and consequently the 
plasmid copy number of cells in the beads. It can be 
postulated that the cells in the central part of beads have 
more than 400 plasmid copies. Fuithennorv, because of the 
"movement" of cavities to the surfaces of beads, which is 
due to the explosion of the outermost cavities and die 
subsequent release of cells into the bulk solution. P* cells 
which began to grow at a low growth rate, due to oxygen 
Kmitatton, and which thus accumulated high plasmid copy 
number could then grow at higher rates and at the same time 
maintain the percentage of P+ cells at a relatively stable level 
for several generations. Thus, in contrast to free cells, the 
immobilized cells show a history until the explosion of the 
cavities* In the inunobilized-cel] culiure grown in LB me- 
dium, the xytonasc acdvlty obtained in gel beads fleets the 
enhanced plasmid maintenance. This extracellular xylanase 
activity could be not only xylanase production by P*^ cells 
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bui also the activity of xylanase proitina wMch were re- 
tained in the beads. However, the molecular weighi of this 
xylanase is 22.000 (3) and ie coo low for the protein to have 
been irapped inside the beads, unless the gel structure 
changes due to compression (7) and/or chemical reactions of 
metabolites excreted by immobilized cells. The Intracellular 
xylanase activity was not studied specifically, bat punctual 
experiments in both batch and continuous cultures showed 
an extracellular/intracellular xylanase activity ratio approx- 
imately equal to one. As was shown by another continuous 
culture of immobilized cells in LB medium during 500 
fenerations, the enhanced plasmid stability can be main- 
tained oyer a long fermentation time. 

Both diffusion limitation, which produces a^dient of cell 
growth rates (and also of plasmid copy number), and com- 
partmentayzation of the cell growth could be involved in the 
higher pfosmld stability obtained in immobilized cells. Fur- 
thermore, despite the oxygen diffusion limitation, the 
bitMnasB and enzyme productiviiies of iminobilized*ce[] con- 
tinuous cultures are (tigher than those of free-cell cultures 
because of the high cell concentration in the suppon. Thus, 
gel beads can be a dynamic reserve of highly concentrated 
P cells having a high plasmid copy number and being 
partially saved from competition with cells, therefore 
providing for an enhanced plasmid stability. As was previ- 
ously shown for enzyme reactions (12. 13), when phenomena 
such as reaction, diffusion, and/or partition are involved in 
an immobilizfid-ccll system as opposed to a homogeneous 
one, such effects as spatial or temporal divisions and peri- 
odic and/or qualitadvely different behaviors can be ob- 
served. 
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The bacteriopba^ T4 pHmAae^ composed of the T4 
proteuus 41 and 61, synthesizes pentariboniieleoiiiles 
used to pnme DNA synthesis tox san^le-straiided DNA 
\n vitro, 41 protein Is also a DNA hoHcsse that opeikfi 
DNA in the same direction as the growing replication 
fork. Previouflly, Mattson et al. (Mattson> T.i Van 
Hduwe, G., Bolle, A„ Seliser, G,, and Epstein, R. (1977) 
McL Gen. Qenet. 164» 3Xd-326) located part of gene 
41 on a a400-ha6e pair BcoBi fragment of T4 DNA 
<map units 24*3 to 21.15), In this paper^ we report the 
cloning of T4 DNA representing map units 24,3 to 
20*06 in a multicopy plasmid veetor* Extracts of cells 
containing this plasmid complement gene 41*^ extracts 
in a DNA synthesis assay* indicating that this region 
contains all the information necessary for the expree^ 
sion of active 41 protein. We located gene 41 more 
precisely between T4 map units 22,01 to 20.06 since 
our eloning of this region downstream of the strong \ 
promoter Pl resQlte in the production of active 41 
protein at a level 100-fold greater than after T4 infec- 
tion. We have purified 183 mg of homogeneous 41 
protein from 27 g of thede cells. Like the 41 protein 
from T4 infected cells, the purified 41 protein in con- 
junetion with the T4 gene 81 primisig protein catalyjces 
primer formation {assayed by RNA primer-dependent 
DNA synthesis with T4 polymerase^ the genes 44/62 
and 45 polymerase accessory proteins, and the gene 82 
heUx-deetabilizing protein) and is a hdicase whose 
activity is stimnlated by T4 61 protein. 



The bacteriophage T4 proteins encoded by ths T4 gene 43 
(DNA polymerase), gene 82 (helix-destabilizmg protein), 
genes 44. 62p and 45 (polymerflse aocessozy proteins), and 
g^nes 41 and 61 (priming proteins) together in uitro constitute 
au e£Gddnt system for DNA zepllcation (1-3). Studies using 
these protem6, puziiied &om the T4rinfected cell, have helped 
to dsGns the function of each of these T4 gene pxodnete in 
DNA syntheeifi. The T4 primase, con4;iosed of the 41 and ai 
proteins, ^thesiaea pentaribonueleotidCfl, of the sequence 
pppAGNj, which are used to prune DNA synthesis on single- 
stranded DNA (1, 2. These prhneis are efficiently elon- 
gated by T4 DNA polymerase (in the pxeaenoe of the polynt- 
ezase aoeeesory proteins 44/62 and 45) In a reaction an^ogous 
to DNA ^thesis on the lagging strand. In addition, 41 

" Tbd co^ta of publication of th&3 aitScle were defied in put by 
the payment of paso chatge&. Thia article uuet the»fi>x« be hdreby 
marked **adwrtisem6nt'' in aocovdeiDee with 18 UJ3.C. Section 1734 
sglely xo indicate this i^. 

^Cuneoit flddreea; D^paxtmeuT of Basic Microbiology. Merck 
Shatp aad Dohme RMeateh LaboratacriM, P. O, BoQt 2000, Rahnay, 
NJ 07065. 



protehi is also a emgle-stianded DNA (sbDNA^) stimulated 
nucleotidase vieing iCTP, dGTP, rATP, or dATP (7-^) and a 
DNA unwinding enzyme (hellcsee) which is grestty stimulAted 
by gene 61 protein (see Ref 10 and this paper). The helicase 
activity requires a bsDNA extension from the 5' end of the 
duplex wfaichpxesumaUy acts as a binding site to the protein. 
The 41 helicaae then removes the complementaty strand 
beginning at its 3' temdnua (XO), The finding that the 41/61 
primase catalyzes both helicase and priming activities sup- 
ports the propose] that the complex of 41 and 61 prtitcinfl, 
driven by NTP liydiolysis, participates in opaning the growing 
replication fork as the primaee moves 5' to 3/ on the lagging 
strfmd template in search ot appropriate priming sites (3, 10, 
11), While such movement ivas not been demonstrated di- 
rectly, the ability of 41 protein in the presence of 43, U/^X 
45 proteins and linutmg amounts of 32 protein to stimulate 
the leadusg attend synthesis on a niclced duplex template (1^ 
10, 11) suggests that the T4 primase is involved in unwbding 
the helix ahead of the replication fork. 

The coupling of helicase and primase activities has been 
inxplicated in prokatyotic replication systems besides T4 (for 
reviews, see Refe. 12 and 13). In bacteriophage T7, the pri- 
mase, encoded hy the T7 gene 4, is both a ssDNA-dependent 
nucleotidase and a helicase that synthesizes short oligoribo- 
nucleotides (predominantly pppACCC or pppACCA) to be 
used by the T7 DNA polymerase (14-18). In addition, the S' 
to 3' movement of the gene 4 priming activity on ssDNA has 
been demonstrated directly (14), as well ae inferred from its 
stimulation of leading strand synthesis using duplex templates 
(17). The helicase activity ja inhabited by the nonhydrolyzable 
analog A-y-methylene dTTP, suggesting that the movement 
of gene 4 protein is ftieled by its nucleotidase activi^ (16). In 
EschArkhia coU, the dnaQ product has been assigned the 
priming activity based on its ability to synthesize an oli^- 
nucleotide primer on the ssDNA genomes of G4 and related 
phages coated with single-stranded DNA binding protem 
(fiSB) (18, 19)- In the absence of SSB protein, dnoG protein 
phis dnafi protein (a ssDNA-d^pendent nucleotidase) are 
sufficient in vitro fsr priming on many diJQ^nt ssDNA 
templates (20, 21). It has been proposed that, in this priming 
xeaedon, dnaG protein recognizes a structure formed by the 
binding of dnaB protein to ssDNA (20). Recently, McMacken 
tt al (22) have demonstrated that the dnaB protein is a 
helicase which opens duplex DNA in tha same direction as 
the T4 41 protein and T7 gene 4 protein. Thus, a cowtjiex of 
the dnaB and dnaO proteins might be analogous to the T7 
gene 4 or T4 41/61 ptimases. However, the primm^ complex 
(primosome) reqinred to prime SSB-coated 06^X174 DNA 

^ThB ahbreviationa med' are: «DNA, single-strandBd DNA; bp, 
b™ paiii SOS, vodbun dodecyl BOlftte; T4 dC-DNA. <;ytoidne-cpn- 
taumig t4 DNA; SSB, Bln^stiaaded DNA binding piotein. 
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had been shown to involve seiroral proteins besides those 
encoded by dnaG aiid dnaB, and the to 3' mgvement of the 
pnmosoioe on thiB ssDNA Apparently doe& not zequuo the 
nucleotidase activity of dnoB protein (23). Thus, whether a 
primose composed of the dnc^ and druxG proteins behaves 
siznilarty to the T4 and T7 primaflee i« not dear. In eukaiyotic 
ayBtemg, priming activities which synthesize UNA primers of, 
on the average, 10 residued in length have been found to be 
tightfer associated with DNA polymerase a from human, 
mouse, calf thymus, Drosophila, and Xtnopus, and with DNA 
polymerase J from y^ast (for a recent discofialon see Re£ 24). 
Whether these primasefl. like the T4 and T7 pzimasea, aleo 
exhibit helica&e activi^ has not yet been reported 

We are interested in understanding the nature of the T4 
primase and its interaction with the other T4 replication 
pioteins. In order to obtain the large quantities of purified 
protfiine that ar& needed for funher biochemical studies, we 
have cloned gene 41 in a multicopy plasmid vector down- 
stream of the strong X promoter Pl> Cells carrying this recom- 
binant plasmid produce approximately 100-fbid more 41 pro- 
tein than T4-infected cells. We havs developed an efSoient 
three-column puiiiication procedure which yields 133 mg <d 
homogeneous enzyme from 27 % of cells, tn the accompanying 
paper (25), we desctibe our cloning of the gene for the other 
T4 priming protein, 61 protein. 

£XFEB]MENTAL PBOC£DURES 



hccterial Strains and Phag^ 

Etcherickia cqU DHl, a Su* rffcA BtraJn which has a high efficient 
for plofimid irazififormatlot), has been do^ccibed (26). Other E, coti 
strains, containing the X repressor ct, wsxe uaed for the trakiafbTma>* 
Uon of plasmids containing the A promotdr Pf QK1265 (cia57) (^), 
the ffHt, of K. Abremflki and H. Hoaw (Dupont) and N99or', obtahied 
fiom Phanonacia P-L BiocbemMa. ER21 (8u~) (2$) and CR69 i&Vk*) 

(29) wera used for the marker reeoue experiments. Unless otherwise 
indicaeed, ceUs wai« erown in L btoth (10 g of Bacto-ttyptone (Diico), 
5 g of Bacto-yeast extract (Difco), and 5 g of NaOi/litex). T4D amNSl 
(gene 41) yruQ obtained Arom W. Wood (Umversity of Colomdo), and 
T4D am43d5 (gene 4d) was obtained ftom J. Drake (National Institute 
of BDvinnmental Healch ScienceB). T4 JWB19, £rom J. Wibetg 
(University of Rochester School of Msdicine and Dsntistzy), U T4D 
am£51X5 (gene 56), amN$9X5 (gene 42), nd28 (gene denA), D2a2X5 
(gans denB), and alclO and waa oon^tmcted as described for JWBOO 

(30) otcejit that the denB point mutant D2a2X5 was UQed- T4 JW819 
was used with E, coU B8d4 £aiE/S6 (31) fbr obtaining the (^ytoains- 
containing T4 DNA (T4 dC-DNA) nsed for the doninST aqaorimente. 
(Wild type T4 DNA contalAS fltycoeykted, itydroioanet^h^aine 
raBiduas which made it tefractovy to most leetxiction endonucleases.) 
Cycosine-contdininc T4 phage JW819 was grown as deecnbed (30) 
and the phage was purified by difTeresitial centriA];0Btion CbUowed hy 
centrifugBtion in CsCl (32). 

Conetmction ofPlasmidA 

Cleared Ivaates containhig pUemid DNA were prepared epdentiaUy 
as daacrlbed (3$) and the plasmid DNA was isolated after extraction 
of the Jysate vrtth phenol and chloroform ond precipitation of thft 
DNA hi ethanol. T4 dC-DNA'waa released hom puriAed phage 
essentially as described (34). The T4 DNA waa precipitated m b^doI 
and spooled on a glass rod. After diying, both plaonid and phage 
DNAs WQri! diflBolved in TE buffer (10 ziM Tris-HO, pH 7.$. and 1 
jnu EDTA). DNA restriction firagmentff, obtained aftw cl«ctropho- 
rdsia of products on 0.8 or 1.^% agarose gels were isolated lirom the 
gel by elcctrodlxitlon (35). The NaCi ooncentration of the Bkiate was 
made 0.2 m and the aluate was applied to a APC-a analog column 
(0.2 ml) (Betheada Research Laboratoriee) and eluted with a solution 
of 10 XQM Tns-HCl pH 7.4, 1 mM EDTA, and 2 m NaCL The DNA 
was prscipitated in ethanol, WBshed with 70 or 100% ethanol, dried, 
and redissolved in TE buffer, 

Plasmids were constructed as fbUowa. The vector DNA wae inca- 
bscad with the ^ropriate restriction enzyme, treated at 37 'C for 1 
h with calf intofitine alkaline phosphataae (0-02 to 0.8 unit/^ig of DNA 



in a miartuie containing 20 mM Tris-HCl, pH 7.9, and 10 mil MgCn*), 
and gel-purificd as d^ibed above. For ligations. 40 to 50 ng of 
vector DNA plus a 4- to 5-fold molai excess of the purified DNA 
fragment to be cloned were ligatad at 0 *C ovemight in a reaction 
mixture (20 to 3D /il) containing 30 mM Tria-HCL pH 7.5, 10 mM 
MgCk, $ mM diihicthreito], 1 mM ATP, 100 ii^tfS bovine aenim 
albumin, and 1 Wdas unit of T4 DNA ligaso (Pharmacia P-L Biq. 
chemicals). The ligation mixture was extracted with an equal volume 
of phenol, and the DNA was precipitated with ethanol and redissolvcd 
in TB buffisr. An aliquot of the Ugated DNA or of supercoiled plasmid 
DNA (5 to 20 ng) was used to ttanaform ccUa by either the procedure 
of Dagert and firlich (36) for DHl or OK1265 (at 80 *C) or by the 
proccduts of Kanahan (26) for N99cl-^. (TmnsfbmiHtion eiSBdencics 
for DHl and N99cl'* cells ranged from 0.3 to 4 ^ XO* tmnsfbrauants/ 
of Hgated DNA to I to 5 x 10* tranaformanis/^r of stqiercoJIed 
pjaemid. However, for the cI857 strain 0Rl2e6, rates as low as 2 x 
ICr tranaformants/w of supercoQed plosmid were observed. Thua, 
plasmids contahiing the X promoter Pl ware &at transfotmcd into 
N99cr (using the ligated DNA). OR1265 was then tiansfomicd with 
supsrooiled DNA isolated fhnn N99cir) Ttanafbrmed cells WOM 
selcctsdby plating on L agar (L broth phis l.B% Bacco-agar) eontun- 
ing 35 to 150 /i^/ml ampicillin. The plasmid DNA ftom ampicillm* 
reeistant colonies was isolated by e 4uick-boiIing extraction taehnique 
(87) and screened for the presence of the hisert bjr cleavage with 
appropriate restkietion endonimleasos and gel analj^ of the DNA 
ftagmenta. 

Stntegy for Construction nfpLSSOl and pL$$02'^kCi frag- 
ment of T4 dC-DNA (map umte 22.37 to 17,90) was digested tq 
completion wAth^coIU and then poitislly dusted with /fmdxn The 
wsultiDg products were Kgated into ScoRV/findJOJ cut pKoifllO. 
This vector Is a pBR322-baaed. amp^ gaiK cipttifiion vector con- 
structed by McKenney «t al (88) (oee Pig. U). ft cowtains a portion 
of the insertion sequeoce indudbg a rho-dopendsnt transcription 
termindtioa site, downstream of the KMZU cloning site; the tj^ti 
galK gena smd pBR822 eequsnoe follow the X&8 sequence. pLSSOl 
and pLS502 cgataln 1090 bp (map umtd 21.15 to 20X6) and$50 bP 
(map units 21.15 to 20.60) of T4 DNA, rcapactjvely. cloned between 
the i?coRI to ifindin sites of pKOlSlO. 

Strategy for Ccrvtrucdon ofppn411S, pDB428, and pDHSlB-^ 
The plasmid pVH627 (gift of T. Mattaon. University of Geneva) 
contains a 3400-bp JBcaBl ftafiment of T4 dC-DNA (map units 24.3 
to 21.16) doned into the EedRl site of pBHa22 (eee legend to F{g. 1 
of Ref. 39). pVH627 was derived firom pVH134 (34) which contains 
the same T4 EcoRl firsgment cloned hito pCRl. pDH4112 and 
pDH428 were eonsiructed by ligation of this EeofQ fragment fiom 
pVH627 into EcoBl cut pLS602 and pLSSOl. respectively (Fig. lA). 
T6 construct pDH518 (Fig. LB), pDH428 was first digeeted with JVorl 
and BsBi, and the 2620-19 fragment containing gene 41 wag isolated. 
A Narf to BomHI fiagment from pGCSi (gilt of M. Cashcl, National 
Inetltutes of Health) contains DNA idcn^cal to pDH428 from the 
^orl site within the gaUC gene through the pBR322 aequence to the 
^RI ^te. However, between the and the B<unHl tftes of 
pQCSl Ue9 388 bp of DNA which indudes the X Easin fragment 
repteaenting A sequence S5819 to 85466 (40) and containing the X 
promoter Pj, and the X nutL site. (An fcoHI ute precedes the X 
sequence and a ^oinHI site follows.) Ligation of the fragmenm from 
PDH428 and pGC^l nmilted tn the plasmid pOHSia. 

Morker Roseue 

The abiHey of T4 DNA cloned withw a plasmid to rescue T4 amber 
mutaUona wag tested 1^ the liquid marker rescue techniqiie described 
by Mattaon et aL (34). DHl (Su^ csDs containing various plesmide 
were grown to a density of 0.5 to 1 X lOVml in FJ medium (41) and 
a l-ml aliquot of cells was infected with 2 X 10' T4 amber phage. 
After standing at 37 *C for B min, the sucpension was diluted 1/SO in 
PJ medium and iacubsted at 37 'C for 75 min with shakhi^. Chloio- 
fcRU was added to lyee the cslls comp^ete^y. The raaultam pSvago wei« 
tJtered by plating on both Su* iCBdS) ceUs and Su" (eSsi) colls. 
Marter r«cue frequendes (SuT/Su") (Table 1) lepiesent, thsn. the 
numhar of phage able to grow on the Su* scnin (pMumably wild 
^ phage) relative to the total phage buret. 

PrptemAsvoys 

CQmplem^ntatittn—CeW eictractB were prepared from DHl and 
OR1265 calls containing various plasmids and assayed for 41 protdn 
activity in a gene 4x oompkmentation assay ae described (7), exeept 
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that the host for thd receptor ^act wa6 K coU ER21, and i^aptions 
were mcubat^d at 30 *C tot 16 min. In i^s Ofisay, a gource of 41 
pxot«in and [^IdNTP (as weU as ths other dNTPs, rNTPe, and 
huffer) are addsd to a racapwr extract made firom T4 41~ hifeded 
c6ll». The presence of 41 prot^ is observed bq the incorpoxatSon cf 
cho (^]dNMP inio acid-in^oJublfl roateriaL (locDipotaUott h re- 
ported as fiimpbr covmts/min (Table H) afDce it is hot pos^le to 
detanaine the amount of dNTP preaent in the receptor extract.) 

Primer-dep&ndent DNA SyrUheaia^M the 41 procein was purified 
from pDH6ld/0Bl26e oeUs (see belovr), the 41 pxotem was aUo 
assayed by a BNA primer-dependenT DNA ^theele assay (4). Tbie 
assay moaaurca tha uoozporatioii of f H]dTMP into DNA. in a 
reaction snixturc (10 /d) containing 41 protein, 26 idm IVia aaatate, 
pH 7.5, 60 roM potassium acotatet $ mM magneabun aoatate, 10 mM 
dicbiothreitoi, XOO fig/ml bovine acrtzm aUbumbi. 0.6 tain ATP, 0.1 
jnM eflcb of rCTP, rGTP, lUTP. dATP, dCTP, dGTP, and 0.1 raw 
I'PIJdTTP at 300 cpm/lpmoU 230 pmol (as Dudeotide) ^X174 vital 
DNA, 40 /^g/^nl rifaifipiein, and the T4 protoins 4d, 82, 44/62, 45, and 
61 present at 90, 40, 6, and 1.2 mg/i^X respectively. (The other T4 
replication pioteioa were puriikd as described (42) atcfipt that 61 
protein represencs fraction V of the accompaoyuig paper (25).) Under 
thcsB conditiona, the roplioation of the eixt^e-strandedDNA template 
is dependent on the synthesis of RNA primers cafcal>;sed T4 
ppeteins 41 and 61. One unit of 41 protem » dehned aa the inoozpo- 
rarioD of I nmol of dTMP into acid-inwluble product (4) under these 
reaction COnditiona afber 30 mlu at 80 

Heliam Subftrate and Anay^Th» hybzid, fbimed 1^ oimealinff 
^174 viral DNA to the heat-denatured Taqt band 8 (Ul'-bp) frag^ 
inent of ^Xl74 replteative form DNA, iras prepared ond labeled at 
Its 3' teminus with pPJdOMP as described (10). Helicaee reaction 
mixtures (10 fi\) containsd approximately 1 finol of the 0X174 Taql 
hand 6:^174 viral DNA hybrid, 600 rATP, 2O0 mM each rCTP, 
rUTP, and iGTP, 60 mu potaaaium acetate, 25 niM Trie acetate, pH 
7.5. 6 mM magnBsium aoetAtO, 5 mif dithiothreitol^ 100 bovine 
serum albumin, and 6i and 41 proteins as indicated. Out previous 
results (10) indicated that the 61 proxein stinmlatian of the 41 helicaae 
activity was inoreased by activation of 41 proceln by incubatloa with 
rGTP (6, 42). ThereiorB, 41 protein (ftaction V) at a concentration 
of 950 fid/ml was incubated for 3.5 min at SO *C in 200 mM rOTP, 60 
mM potassium acetate, 25 m&c Tria acetate, pH 7.5, 6 mM magneshim 
acecave, and 9 nxM dithiothreitoi just prior to addition to the hslicase 
assay. After 20 min at 87 "0, the reactions were stopped and the 
products were diapJayed on a 6% po^yaciylainide eel as dcsciibGd (10). 

PtcrifieaCion of 41 Pnffmfrom Cells Containing the Clotted Gene 41 

A 50-Iitet fermentor culture of pDH91d/0Rl265 waa grown at 
29 'C in L broth plus 25 iij/ml ampicillin. At mzd]o2 phase of growth, 
the temperature was mised to 42 'C (to inactivate the cIS57 reptesaor 
and thus induce expression from the promoter P(. cloned upstream of 
gene 41). Cells (200 g) were harvested after 2 5 h and frozen at -$0 *C. 
Twenty^seven grams of cell paste were resuspended in GOO ml of ly^is 
buffer (60 mM Tris-H<% pH 7.9, 1 mM BDTA, pH 7.0. and 20% 
sucrose). A lysozynae eolution (100 mg) (Worthinffton) in 25 ml of 
160 luxi Tris-KCl, pU 8A end 50 mM EDTA was then added, and 
the miicture was kept on ice fl&r 46 min. The mixture was frozen in 
dry ice/ethanol and thawed in room temperature water 2 timee. After 
the addition of 12 ml of 1 M MgOW the solution was centiifugod dO 
min at 40,000 ipm in a Beckman 46 Ti roior. All subsequent steps 
were done at 4 'C. (The pH of buEfcva was measured at 26 'CO 

DEAJ5'C^}Mm Chromntogrppfo^—A 430-mI column (d.S k 60 cm) 
of DE23 (Wbaxman) waa squiUbrated in DE buffer (20 mM Tris-HCl. 
pH 7.4, 1 knM EDTA, 6 mM MeS04^ 259& glycerol, and 10 mM 2m 
mercaptoethanol). The 130,000 X g supernatant (520 ml) waa diluted 
to 1^ ml with DE buffer and loaded After waahing with 850 m| of 
D£/ buHbr, the column waa eluted with a linear gradient (4 litara) of 
DB buffer and DE buffer with 0.35 M KCL Flaw rata waa 64 mlA 
and 2l^ml ^actlona were eolleeted. The peak of 41 protein aetivitv 
eluted with 0.12 m KCL 

Singte-etranded DNA-CeUulase Chromat6gr(^h;y—The DEAE-cel- 
lulose A-action (360 ml) was diluted 2-fold in buffer A (20 mM Tris- 
HCV pH 7.5, 1 mM EDTA, 26% glycmJ, and 10 mM 2-morcaptoBth- 
anol) and applied at 40 ml/h to a singie-Qtranded calf thymus DNA- 
cellulose column (17.5 ml, 2.4 x 4.0 cm) equUibraM in AH buffer 
(buffer A plus 60 mM KCl), conditions under which 41 procein doea 
not bind (10). The ohiate comln^r t)i»>u^ the column waa collected. 

Hydro;xytapadcQ Chromaiography—Tha DNA-celluIose ehiate (760 
ml) was applied to a Bio-Gel HT (Bio-Rad) column (240 ml, 3^ X 25 



cm) equilibrated in AH buffer. Tha column was washed with 260 ml 
of Mi buffer and ehited with a lineu £xadlent (4 litara) of 0 to 0.76 
M (NH4)2804 in AH buffer. Flow rate was 45 ml/h, and 22.5-ml 
fractions were collected. The peak of 41 protein activity ehited with 
0.18 M (NHJaSO*. 

PrcdpUaiion of 41 Frot&m^XQ an aliquot of the hydrosylapatito 
fraction (76 ml) was added an equal volume of 2.8 M (30%) CNH4)jS04 
in AH buf^. After 24 h at 4 *C. a cloudy precipitate could be seen. 
The precipitate waa collected by oentriiugation at 20^00 x ^ for 30 
min. The pellet waa resuspended in 24 ml of AH bofifer. After dialysis 
against buffer (10 mM Tkis aaebate, pH 7^, 26 m^ potasnum acetate, 
6 mM magnesium acetate, 25S6 glycerol, and I msi dithlothreitol). 
email aliquota wave stored at -80 'C. 

0(^rAfe£;iO(2r 

Protein conoantrationa were datenninad by the method of Lowzy 
et al (43) usin^ bovine serum albiunin as a standard. Discontlmious 
polyacrylamide get dcebrophoresis of protabio was performed as de- 
scribed by LBAmmli (44) with the foUon^n^ modifications. RunniM 
ssl Bolutaon contained 10% aorylBmtde:Njv"-msthylanebisaaylam- 
idc, (37.6:1), 0.1S8 M Tris-HCl pH 83> 0.05% SDS^ 0.0396 TBMBD, 
aad0.05$5 ammonium pctaulfata. Stackinireel solution contained 5% 
aozylamide (compoaition as above), 0.063 M Tris-H(2], pH 6.8, 0.05% 
SDS. 0J07% T£M£D, and 0.1% ammonhim persuUhte. Gel loadine 
solution (9% elycerol, 2% SD3, $7 mM Trls-HCl, pH 6.8, 4.8% 2- 
morcaptoethanol, and 0.05% bromphanol blue) was addsd to protein 
samples (at a ratio of ^1:1) and the samt^ were incubat^ in a 
boilwg water bath for 2 min prior to loading. £3«ls were run at 10 mA, 
constant cunonE, in buffer containing 25 mM 1^, 0.19 M glycine^ 
and 0.1% SDd. Gtlt were stained with Coomassie Blue as desoribsd 
(7). 

The purified 41 protein (fracdon V) was assayed fbr contaminating 
endonuclcase activity ss dssaribed (25) using either supcrcoUed Ml3 
DNA and 1.0 of 41 protein or "P-laheled ^X174 ToqI band 6 
sinffle-etrandedDNA (heat-denatured) and 0.84 /tg of 41 protein. 

RESULTS 

Cloning oftheT4 Gene Provioufi work by Mattson and 
colleagues (34) had assigned part of the T4 gene 41 to a S40(^ 
bp EooBl fragmezit (T4 map unite 24^ to 21.15). This aaaign- 
ment was based on the following marker reacbe ezpetiinents. 
Infection by three different 41" amber muta&t phage (N57, 
A461, and H601) of cella having o plasmid contaiziizi^ this 
EcoRl fragment resulted in wild ts^e iirogBny at a hi^ 
frequency. (The wiM type phage arise presumably by recom- 
bination betvireen the T4 DNA on the plasmid and the phage 
genome.) However, one T4 41" amber mutant tested, aniN8l» 
was not rescued, suggestuiff that only part of gene 41 was 
within this ckined T4 DNA. 

To locate gene 41 mote precisely, m constructed the plae- 
mid pLS502 (Fig. lA). Thb plasmid contains the 550-bp 
EcoBl to HtndlU fragment o£T4 DNA (msp units 21.15 td 
20.60) which lies izxmiediately downetteam of the 3400-1^ 
^coRI fragment. The T4 DNA Was cloned into pKGlSlO, one 
of the pBR322-baaed ^oliC expression veotoxs constructed by 
McKenney et al (38) (Pig. U). As seen in Table I, the 
presence of pL3502 in the oell, but not the vector or a plasmid 
with the 3400-bp T4 msert, pVH627, kesults in a greatly 
Increased marker rescue fi^quenqy for the T4 41" amNBL A 
control eaperiment using a T4 48~ amber mutant shows no 
difference among pLS502, pVH627» and pKGlSlO- Tlius, we 
assign the 41~ amNSl mutatioia to the T4 £coRl to IffruUn 
fra^ent cloned in pLS502. 

Taken toother, these marker rescue experimentB in<ficate 
that gene 41 croages the JSIcoRI site at map unit 21.15. In an 
attempt to clone gens 41, we constructed a set .of plaamids 
containing T4 DNA extending from thb site (Pig. LA), To 
test for the presence of 41 protein, extracts prepared from 
cells contaii\mg these various plasmids were con^Mml with 
T4 gene 41 protein few the ability to sttmulate DNa aynthesia 
m a 41 complementation aasay <7> (see "Experimental Pro- 



PA6E37/41'RCVDAT10/26i2(l072:41:20PM [Eastern Daylight 



OCT. 26. 200? 2:54PM OGILVY RENAULT 



NM388 P. 38/41 



12354 
A 



Ckfning and E:prea8ion of T4 Gene 41 





Eio. 1. Flagmids cotUAinintf the T4 DNA In ftbe MS^um of 
gene 41* A, T4 DNA (top Imeij npreeentiog the T4 phjr^ical map 
hidiented (zsap unite as givoix in Ret 49) was cloned into the £coRI/ 
i/£ndXn cut vftctor pKGlSXO (98), containhx^ the ISS aequeace 157 to 
fifid (£0) which includes o traiQtcripflion Cemuaation ^te (daBignated 
by T), ihtt £. cctl ^alactokinAse (gbUQ gene, and pBR392 sequence 
with the empiciUin 7e3i9tancG giane (amp<) (2068 to 4863 of the 
pBR322 DNA sequence) (31). Details of the plasmid coxutnictionB 
are ^ven under "Ebqperimen^ Pzocedurea** sjiA in the tekt. JUstric- 
tion eitefi ndfeired to ux the tai:t are Indicated. The aiites within the 
T4 DNA, previously niapf>ed winff T4 dC-DNA f«om phage (49). 
were oonfiUDad faiy digestion of the plaaooids^ The rcsulte of aoaylng 
extracts of eellg conteinine each plafimid fox 41 pcofcehi coxaplomen- 
ta^on activity are indicated as 4r or 41^^ (see Table II). fl, tiie 
plaemid pDH518. immediately \Q>OTream of the T4 insert (map luita 
TXdl to 20.06) lie& 363-bp pf ^NA which indudee the X ftequejice 
35819 to aS46d (26) (shown here as ^v^^). The X DNA cont^s the 
leftward pMmotar of X, Pu followed by the andtonxunatiousite, izufL. 

Table J 

Marfwr nsoue Of T4 amNSI (41') by th6 plngmid pL3502 
The atraxn DHL (Su'O containing the pla^mids indicated was 
iafoctodwiih either 41" (T4 amNSl) or 43" (T4 aai4a35) as deecribed 
under ^^Saperimental Procedures." The prodiuceidA of wild type phage 
during the infection waa then ficored by the ability of the pMgedQr 
pha^ to gtow on ER21 (Su") and QWi (Su^ et^ahu. Marker reeeoe 
frequencies i«p7B8eat the ratio of phage able to grow on the 8u" £jR21 
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cedures,** this paper). As seen in Table 11, incoipoxation of 
["HJdAMP into D^7A ia observed with either authentic gene 
41 protein or extracte 4rom cells containing pDH428. Thie 
plasmid (Fig, 14) oontatna 4500 bp of T4 PNA from map 
unite 24.8 to 20.06. Since oxtracta from cella containing either 



Tahlb n 

41 protein inphunu^ eont/Mii^ eeU^ meoBund by in vitro 

Evtracts were prepared from the &traiT» lndieatMl> and 8 |tl OQk- 
p^uncnt I) or 5 ^ (BsEperixnent U) wete aeaqyed 9A daeeribed undar 
T^wl^^*°^ ^^wwcduiM." See Fig. U ftr a dflaciiptioki of each 



orilprotflita 



InraxpenitBd 



+ None $B9 

+ Purified 41 protein" 7355 

+ DHX (noplaamld) 821 

+ pLSBOl/Dffi 837 

pDH42S/DHl 7955 

pDH42»/©Hl 101 

+ None 861 

+ JPurified 41 piotehi* 5835 

+ pDH428/DHl 48d2 

+ pLS50?/DHl 710 

1- PDH«112/DH1 84S 



^^^j0.02 unit (Gonqilenentation activity) of 41 ptotein (fraction HI 

pLSSOl (cloned map onita 21.16 to 20.06) or pDH4H2 (doned 
map units 24.30 to 20,60) do not complement the 41' extracta, 
we conclude that the T4 DNA spanning both the EcoBl aite 
at 21.16 and the ifKndni eito at 20.60 ie necassaiy fbr the 
production of activo gene 41 protein. 

We estimate the level of 41 protein complementation ftcUv^ 
iiy in the pDH428/DHl extract to be at least ad high as that 
obflfixved after T4 infection. In order to produce higher levela 
of gene 41 protein, we constructed the plaamid pDH518, in 
which the T4 DNA £rt>m the BslU site (map unit 22.01) to 
the ^wdlU ate (map unit 20.06) ie now downetream of the 
etxong X promoter Pl (Pig. 10). Such a construction placee 
the T4 DNA in the same tjanscrlption direction ae is obeerred 
for this region of the T4 genome (45^ 46), The host tot this 
plasmid is the strain OlU26a (27) which haa the temperatuxe- 
sensitive wpreeeox cl867. Thus, at low temperature (29 'C), 
Px. ia xepieesed. ShifliAg to high temperatoie (42 'C) inanti- 
vatea repressor and resulta in expression ftom Pt. The results 
of such an experiment with pDH5ia/OE1265 can be eeea by 
observing the Coomassio Blua-atained proteins separated on 
a polyacxylamide-SDS g^l before and after the temperature 
shift (Fig. 2). One or 3 h after shifting to 42 'C, el new protefai 
is observed which migrates with a molecular weight of 69^000 
and co-migrates with 41 protein from T4^infected cells. As- 
Eoying the extracts from ceils containuig pDH518 indicates 
that^ S h after the temperature shifty approximately lOO-foId 
more gene 41 protein ia produced than after T4 infection. The 
pDH6l8/ORl265 strain was thm used to put^ gene 41 
protein. 

Purification of 41 PhJtein— Table III and fig. 3 summarize 
the purification of 41 protdn f^om pDK61d/ORl265 cells. 
While this purification is baaed on that used previously &r 
T4-in£Bcted cells (7), several modificatione have been mada. 
Firsts we have increased hy 10-fold the amount of lyais buffer 
used to initially resuspend the cella. Such am increase wae 
made since we observed that a substaixtial fraction of 41 
protein remaina with the pellet after the 180,000 X g ^pin. 
The inck«ase in the amount of lysis buffbr deoreasee tte loss, 
but we estimated that as much a« V& of the 41 protein still 
rcmaina with the pellet In addition, we hm used a single- 
Btronded DNA-cellulose cohimn in the proceduxe to xemove 
DNA binding pxoteina previously reported to contamxnato 41 
protein prepazationa (10). Thizd, we have ueed a hydmyl- 
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V, Pwipitatod 41 protein 



Clomn^ and Expression of T4 Gene 41 



\2m 



31280 
230 



450 
133 



2.1 XIO* 
1.4 X 10» 
8.6 XWT' 



ido 

ISO 
310 



pell^^ analyaU w« estimate tJutt ttppnieiinately % of the 41 prot^'in the eSf'noa^^th^ 

1 1^!^ ^ fracM^n repwstiitchi opprtalmatiebr ^otiht total 4i pMtain oluted from cka DBAB «olumiL 
CttlcTiIaUd Oft if the eittllre hyrfjcpxylapatito (jaction had bB6D precipiUkCad. 



100" 

63 

44 
27 



PDH42« pniT518 pDIl51« 
0 13 0 13 0 1 :^ 




piroTOc^ter I>t^ 130,00« x g tsxitaciB of pBH428/ORl2flS two 
tudapcvideni idolQtcs of p01I5l8/OT-tJ565 were prepw«d as dfificribcH 
C7) imitoeiiiaiJoly t^efote And 1 cr a b aftor tftmp<fTature shift to 
42 "C. Pratoins* wuro separated w «iQ ID^ poIyftciylomide'SDS i^l 
Btwtwii w)d vleuall^ hy fitfiCitiinj w5th Coonia&riie Jaiae. ITie poaTfijoq^ 
of warkore hnvin^f niolcculAp weii^ht« of 68^000 (bovin© fiojpum «lbu- 
cnhj) und 43»000 (ovalbumin), And the positJon of eutJbi90ti:o gen^ 41. 
ptoteijv are dcnowd. (A band oC 46.0Q0 ctalu»i6, wbicb ^ huvc 
iduntified «s T4 protein, i« ool eeen in che&e oxtractft of c^JQa 
with pOH428 but obscived under othi^r ooxiditions oif nmnJe 
prcpflraliOD (see ^^iscuotfion").) 

apatite buffbr containing ajoamonium ^tdfiito Id place of tho 
one dontainbg pcitassium pho^^hate and MgSO^ pr^v^ualy 
ua^d for purifying 41 pxOtein (7) ^awe asc of tlie latter 
buHbr TCAult^d ii) a nonpxotxm prodpitata In thosafioet^Obft 
concaiRtng^tbc peak oi 41 ptotaln. Xla addftioii. th&ammcoitom 
^fate buifar is conveniont since w liavA dotarmtned ttaat^ 
by ixicraoslng the (NHjaSQ^ cancenttation of the hydroxylr 
apatito fraotlpn to 1^4 m. (16%), csacutiinUy puj^ 41 protdn 
ia precipitated from a solution at 4'Qp wbik xMXxy trace 



1234 5 6 




- 68 

-41 protein 
^43 



Fia 3^ 10% polyaoryJwnida-SX)S se} ahowlai;: iHc purifica- 
tlOb the 41 p^QteJA express by p0H&lCt/(Kai265 ecll$, 
tff/M * Ad, J30,^0 X g ^ttzAtt <&action I): lano 2, 3.<> /d of DB 
ftaawn (trDttlon II); tone 7 of ONA-cenutoto eluata (frodSon 

Jll)} lone 4. 4 ;i] of hydroxytopiktitA ft^^ioa (fractton IV); tant ^ 3 al 
of tfidiesolvfld, pfocJpitACfid 41 piiolarfn f&aclioa V}« and *«fte tf^ 10 id 
Of rediMOlvcd, p^^cIpitdCed 41 jwoteiq, Popltfaua of 41 proWSh potiCed 
fera T4-in^Uid celfa and mx4stt6& having molfscul^r ^owfats of 
(b(Mao oerum aibuaUxt) nnd 4d,000 <09«Jbumlki) oxo xn£cated. 

csoratamiDaBts ara not pieapitated (I^g, 3), (This pjcacipitatlon 
ia teajpecaturo-dflpattdant since aa precipitation ia obsorved 
if 6he aoltition ia kapt on tee.) OvenjU^atir jpuriiRb^ttlDii of tba 
T4 41 pTotakt from calls contaliung pDRGie yktlda 133 m^t of 
honio:ja»oii$ eoagftaa fieom 37 g of cells; The patified oniyine 
is active in Bha RNA pdmait-dapandent DNA fliynthaala aaajv 
wmg tbe savan puriHed T4 DMA roplicaiton proteins (Table 
. in}. As o»9aeted, tbia adtivitir dependent oa the pra^ienea 
of tbeotorprimdngpfotalii, the T4 geaa 61 protein {data not 
shown)^ Tha spaciCc activity m thia pdmiup aa^ay of tbe 
homogenaoua 41 probein purLSad horn cella whh j>0H518 
essaatiaUy tba same aa tbe activity per micrograiij of 41 
protein (oetJmated ftcm 8DS geb) of tbe Icsa putlfiad bydnw- 
ylapatita fraction ttom ujjfacted ceUe (7). 
The 41 pnxtaia fjroixi calls cgntntinin? pOH51d also aadilbita 



PAGE 39/41'RCVDAT1(V26/20072:41:20PM [Eastern Daylight Ti^^^ 



OCT. 26. 2007 2:55PM OGILVY RENAULT NM388 P. 40/41 



12856 



1 2 3 4 5 



Cloning and B:^>ression c/ T4 Gene 41 




Hybrid 



141 




87 



Fto, 4, DNA ticltoa&fr fl«(lvity of 41 protein pturiJEXea frtm 
eoH6i;antui«]iln«:pX>H&l$ SsMSznulatod by 61 prok»ln imdnorj 
from a recombinant pl^toild. Produm of helLcnae rtiftctt^ns wiUi 
the ^XJ74 re)9l band r,;^XiT4 virat 1>NA hybrtd, cwriied out 
flpflcrihisd utidflr "EJxp^Hoiiciital f^o<»<hfm." £ire displnyod on 4> fiS; 
poJyacr/JsxnMi? gel. i4?n« 0.B5 jig nf 41 prptain (frdciion V); hna 2, 
0.95 ^i^r pX 41 protAin pj^a 0.0^4 ttf $X prtftoln (fraction V) (JX); 
^/Vi .V, fcff Gl ptefceiij; {(th<> tio ao25fi»ej 4uid Aw hybrid 
denotdyfid tiy heating. Tb* biiod at «? hp fe from tho (&Xn4 
band 7 fi«e;iQdnt conUindtiiianj,' tbe isoUted Tag! band 6 fnlitueuk 

the h«Ji<::08e activity previously doacribed for 41 protein from 
T4-infeci«d cells (lo) (Pig. 4). As *«jen jirevIflufibF. ihb Activity 
18 gfoeiUy stlmcdiicedl by T4 61 priroinc pwrtoin. By counting 
the appropriol^ regions of the gel shown in 4. -wo Q^fcimate 
tbat 62% of the DNA hybrid was unwound tpith 41 protiin in 
tho presence of 61 pxotein, while %Z% wjis unwound by 41 
protcio alonOv Noto that this r«wftIoti waa caxrted out Rt 50O 
/tM xATP, which id optinud for both DNA ropli<wtion in \^ito 
nud 61 pipotein ^limulotion of tho M holicasc. Tbo hellcase 
ficWvJty of 4,1 protem alonj& is greater at $ dim ATP (10), 

DISCUSSION 

Previoufily, studies of the bacteriophiise T4 £eao protein 
havo ^own thai thin protein S» a imiiltifuxictiott^ mexobor of 
tb^ T4 DNA replication coixu)lex. It exhibits a ftmglD-«r«Jided 
DNA>fi!timultttod nuc(601»d&4« (7-9) and a DNA hoUcase nc- 
tWity (10), and, together with tho T4 ^ene product ^1, foi^ne 
Q pnmaBo which ^Atbeei^ed peniaribottaoUoticle^ used co 
prima DNA repKcatton on eho l^^g^oi^ etrand (1, 4-6), t^r6« 
Vious Bttemt>ta to discern the exact rvles of 41 and 61 ptotofns 
wdthin the prittjftfte have been hampered by the difficulty in 
punfymg birge amounts of these proteins from T4-infcctcd 
cell*. However,, usliog protebis Iwm T4 infections, it has hmx 
demonstrated that there Is a «ioichiomeLric reUtioi3Shii> be- 
tween the concoBtrationft of 4»1 and 61 proteias required (or 
primer eyotbceis (42) and that the helicase activity of 41 
protein is 8tin>ulated by gone 61 protein and to a leeeor de^e 
the polymerase accoseory pi^tefais (44/62 and 4o) (10). 
This evidence eu|fgeata a direct interaction between 41 and 61 
proteins and poesibly the other replication proteins. Wo ajce 
interested in determining the nature of thia interactJon and 
thus have cloned the T4 gene 4X to obtain the kigo quantities 
of 41 protein we need to undertake further hfocheraicffl stiid- 
iea. We estimate that ceUa. containing the plasmid with eeite 



M dowostream of tbestwmfr X promoter Pl prodmre 100-/ojd 
^} T4.Infected cell*. Our purifjcation hes 

yielded 133 myof pure 41 protein from 27 g of auch cells. The 
last step of the procedorfe, precipitation In (ivJH,>;,S04. 
revolts in a homogencoue protein of 59^000 daIton«- Bcaldes 
being v^«bJy cleaaer than any 41 protein we have previously 
purified itom T4-iafeeted cell«, the protein from the clone is 
also free of aoy activities from the other T4 replicatjon 
proteins and is free of ondonu<i lease activity measwd as 
deBQribed (45) using supwcoiled plosmid or sinKfe^tnmded 
DNA as templatciL Our initial studies of the 41 piotem (this 
paper) and the 61 protein (25) expressed by recombinant 
plasmids demoniixate that theee proteins can sobatitute for 
thwe purilled from T4-inrected cells in the seven T4 proton 
DNA synlhesis reaction that measures primer-dependent rep- 
hcation of DNA using a cbtalar single-scrflnded template. 
Furtbetmorc, the 41 protein from the clone also oxhi))its the 
heficase acUvitypreviouflly assigned to the T4 Kene4lpwduct 
(10) and thSs activity is stimulated by the presence of tha 61 
protein (Pig. 4). In addition, our prtfiminaty tesulla^ indicate 
that high concentrations of 61 protein alone can synthesize 
some oligonucleotide prime«>, but the priminjj nbilliy of 
protein under these conditions is ^oatly aiimutated by 41 
protein. Thus, within the T4 pttmase, 41 protein may primar- 
ily function as a DNA helWss, «^hile 61 protein's primary 
role be to catalyze primer formation. However, the stim- 
ulation of both belicasB and priming activities when both 
proteins are present suggests thai the primaee complex cata- 
Jyacs each activity more efKciexitly than the indi\^dual wo- 
tetos. 

Besidea the above assays, ?he 41 prorem frtJin the clone is 
alao active in the 41" complementation assay. This assay 
measures stimulation of DNA Aynthesis by added 41 proiein 
with the codogwiDus DNA In a crude extract of cells infected 
virith a T4 mutant in gene 41 (71- However, we find that our 
purest fractions (IV and V) of 41 protein from the clone 
exhibit t- to 5-fold less actjjvjty in this assey than ejq^ected, 
based on lbs amouni of 41 protein added and on the primer 
synthesis nctSvity of ooch of those fractions. At pzesent, we 
do not know what reactton(s) of 41 protein are belnff measured 
in the complementation aassy. Thtxs. it L^t not possible to 
determine whether this difZbrence between the priroc^e- 
pendent DNA synthe^lis ass^ using purified proteins and the 
complementatian aaaay reaects an inhet«nt dtOotenco be- 
tween the 41 protein expressed \sy the ptaemid and that ix<m 
the T4-infected ce]) ov is duo to a eontamtnaat b the latter 
preparation wliioh also Bt^mulates DNA synthesis fai the cnufe 
extract. Better nndarstandinir df the funettons «f 41 protein 
m the rapKcation complex ahotdd be uaearl Ui d«tierminittg 
the reason £br this difference. 

Besides obtahiing large <iusatiee« of parifled 41 pioteio, 
our elonmg has as^ed Uia gene moce pKOcisely to the 
physical fenomc of T4. Our location of gene 4i between mop 
units 22.01 and 20,0$ is condstent with previoas genetic 
mapping (47) and the markosr rescue eaqpadmenta of Mettson 
and colleagues (d4). In addition, this re^on cories^ionib to an 
open reading i>ame predicted from the DNA se<)uence by 
NakinlshI and Alberta" (48) to expr«as a pmteln of 64 Icilo- 
dflltons. In ^ aoeompanyii^ paper (25) we show that plea, 
mids vBiOi T4 DNA from 16.68 to 17.32 map units express 
active gene 61 printing protein. We have also recently found 
that the plaamld PDH428 (Pig. lA) contains the gene for the 
T4 i<wX recombination protein upstream from gene 41,^ 

5 P; ^t' fi'^l^? unpubWfliwKl oxp^rioMsnta. 

D. M. KimonAiid .M. C. Neostiat. manuscrlpE in pnfpamtiQn. 
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Thus, gene 41 lies b^twen the tw^X e^tM and gene 61 In a 
region transcribed ear]y afto T4 infeotion. Qui* clones of gene 
41 (and the surrounding DNA) should be UE^bl In undei^ 
etandinff the relation of ezpression of tbie DNA zepUoation 
protoin in the T4-iniectied coll. 
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